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1. INTRODUCTION

a, This report covers the results of experiments directed toward
the design, development, and testing of a laboratory-model, rough-
terrain landing gear system using foldable high-flotation tires built by
a novel continuously-wound-cord method and using venting-hub shock
absorption. The contemplated end use of such a system is for STOL
aircraft operated from rough, unprepared fields. The tires, due to
their relatively light weight, low inflation pressures, and economical
methods of production, can also be ideally adapted to land vehicles for
off-road use, offering improved cross-country traificability with lessoned
tare weight. This prototype development project was preceded by ana-
lytical studies which indicated feasibility and which were reported upon
by Fairchild Aircraft Division Reports Number R245-0041, R245-00411,
and R245-00411I, entitled, "Analytical Study of High Flotation Tires for
Aircraft."

b. Early in this progran. it was recognized that development of
the capability of operating aircr~ it irom rough unpaved fields would re-
quire revolutionary advances in tire design and manufacturing technigues
in order to achieve low inflation pressures and to minimize weight penal-
ties. In addition, the size of low pressure tires posed problems of
stowage space; and the ability to envelop rigid obstacles, rather than
rolling over them, demanded higher deflections in the tires than was
available from tires built by conventional methods. This latter aspect
led to exploration of pneumatic shock absorption methods in order to
overcome the rebound inhe: “1* during landing from the undamped spring
c.ctic of low-pressure tires with high deflection. There were three
prub.em areas: weight, size, and rebound.

¢. Details of the work in these problem areas are presented in the
appendices to this report which are, in themselves, complete reports of
the work in question. The main boéy of the report summarizes the
findings and conclusions of the reports appended hereto, No extensive
discussions are contained in this main body.
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2. SUMMARIES

As would be concluded from a perusal of the appendices, workable
solutions have been found for the problems cited in the above inl.oduction.
Feasibility of the novel, continuously-wound-cord, high-flotation, fold-
able tires has been demonstrated. Considerable research must still be
conducted, however, before minimum weights and maximun: service life
are attained. Likewise, shock absorption and damping oi the rebound of
the high deflection, low pressure tires have been demonstrated. And,
finally, folding of these tires in a slipstream at 95 knotc was achieved,
Summaries of the results of the work in each problem area - tire build-
ing, shock absorption, and folding - are presented in the following
lettered sub-paragraphs:

a, Continuously-Wound-Cord Tires

(1) As reported in detail by Appendix 1, Development of Tech-
niques for Building High-Flotation Tires of Continuously-Wound-Cord,
R245-015, feasibility of production of foldable, high-flotation tires by
the novel, continuously-wound-cord process has been demonstrated and
a number of successful tires have been built by this method. The basic
process can be deduced from examination of Figure 1, a photograph of
the specially-built winding equipment. Briefly, tire cord, freshly
coated with green, uncured carcass-stock rubber is passed through the
hollow spindle of the winding arm, over fair leads on the arm and is
wound into position on the mandrel on which has been applied a sheet
of liner stock rubber. The winding arm rotates clockwise viewed from
the left side of Figure 1 and the mandrel rotates counterclockwise viewed
from the front of the figure. It may be noticed that the winding position
of the hubs is outboard on the spindle of the mandrel at the distance from
the mandrel which provides the desired tension in the cord when the
hubs are pushed into the curing position in the recesses on each side of
the mandrel. Varying the rotational velocities of the winding arm and
mandrel varies the cord pattern across the tread areas of the tire. By
varying these velocities, the shape of the mandrel, the size of the hubs)
and the clearance between the end of the winding arm and the mandrel,




Figure 1




2. SUMMARIES (Continued)

a. Continuously-Wound-Cord Tires (Continued)

any reasonable cord pattern can be achieved in the tire. Since the cord
pattern determines the inflated shape, and this in turn affects stress
distribution in the tire when in service, this basic method permits
remarkably close control of tire characteristics. In other words, the
method gives precise control of the density and direction of the tire
cord, throughout the carcass, in the cured tire.

(2) After the required amount of cord is wound into place on
the mandrel, another thin sheet of carcass stock rubber is applied
over the cord, the desired tread stock is applied over the tread area
of the tire, the mandrel is removed from its spindle, the hubs jacked
toward each other into the curing position, special curing flanges are
place concentric to each hub, the whole assembly is covered with a
pressure barrier of plastic film, and the assembly placed in an auto-
clave for cure., During the curing process, a vacuum is maintained on
the inside of the tire to assure that curing tank pressure is maintained
on the carcass. This positive pressure coupled with the vacuum assures
that air trapped in the carcass during winding is removed from the tire
during the cure and that any volatile material in the uncured rubber is
likewise removed. Figure 2 shows a 34-inch tire in the curing auto-
clave.

(3) Additional conclusions from Appendix 1 are as follows:

(a) The techniques presently available for the continuous-
cord tire-building need to be refined and the process simplified before
production of continuously-wound tires is programmed.

Analysis of the presently available techniques points
clearly towards the path to follow during the evolution of satisfactory
manufacturing processes,
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2. SUMMARIES (Continued)

a. Continuously-Wound-Cord Tires (Continued)

(3) (c) Uncertainty in the stress distribution in a high-flotation
tire carcass when severely deformed under load indicates that it will be
necessary to use empirical methods in the refinement of the design of
continuously-wound-cord tires.

b. Characteristics of High-Flotation, Foldable Tires

(1) When the tire building experiments had progressed sufficiently
so that several successful laboratory-model tires had been produced and
future success could be logically predicted, it was decided to flight test
the system. Preliminary to design of the flight-test, venting hub system,
the test model tires were submitted to exhaustive tests to determine their
load carrying ability and their reaction to encountering rigid obstacles and
crossing pot-holes, Static tests on a specially design test rig produced
the load deflection curves of Figure 3. The test rig is shown by Figure 4,
These curves and other data obtained from the static tests are contained
in Appendix 2. These other data include side and drag loads developed
on the tire just prior to skidding for various vertical loads at several
inflation pressures,

(2) The static tests were followed by dynamic tests to determine
rolling resistance, cornering forces developed when the tire was steered
and the reactions to encountering rigid obstacles and crossing ditches, all
at several vertical loads and inflation pressures and at several speeds.
These rolling tests were made with the same rig (Figure 4) operated as a
semi-trailer. The dynamometer column on this rig was instrumented to
secure simultaneous readings of the three perpendicular forces along the
primary axes and the three moments about these axes. Typical results
of these tests are presented by Figures 5 through 9. Details of the dy-
namic, or rolling test program, are contained in Appendix 3.
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Figure 5

High Flotation Tire -

Obstacle Test

‘—Pg_e;k Loads Occuring at Obstacles
- ! Tire |Static |*Actual side | |
Recora |obatacie Srea|Veri, Vertiall Yery | Drag ploment | Whesl
L _ ~{(P.S.1.) | (Lbs.) |(Lbs.) | (Lbs)) (Iég%) (I:.bsgz___J;_(m_._p_._E._)
| 12192 AL 4 1500 | 2400 | 3800 | -895 | -5285 | 28.6
| 12195 | 2" | 4 | 1500 | 2800 | 4660 | g?ﬁ | -5285 | 40.1 |
_—,1.22‘.16___1__2" 4 ; 300Q,-.541Q_.;_£512_|_%LL =2610 4 30.5
| 12247 | 2n 413000 | 5470 | 8817 | "%%81 ;r__ZELlEL_}_JEL
12203 . _ | 2" g 1500 2870 | 5897 . -1036 | -
12204 ., 2" ~_12____1 1500.,-2200 | 5292 ; -ggg -7926 % 19.6
| 12206 | 2" | 12 1500___@391&._“_5055”4_-%38?_._.-m5m+43.0_.
| 12218 1 2 12 | 3000 . 5200 | 8392  -810 | -2610 | 19.1
12219 | 2" | 12 : 3600 | 5670 | 9148 ggg | =2610 ' 39.1
| 12207 | 2v 12 1500 . 2270 1 5445 . -924 1925 . 19.1 |
| 12208 2v 12 | 1500 3000 | 6274 . -g43. -13210 [ 43.0 |
12220 | 2" 2123000 . 5670|8921 - [ +2610 | 19,8 |
12201 i 2" . 4 1500 2670 | 5443 | -2%8 +2642 | 39 6
12209 oot 12 1500 2530 . 5821 . -644 . -18494 | 19.1
12210 3" L 12 1500 12170 4460 -313 ' -15852_{ 44 4
12248 . 2" . 12 3000 3330 . 5373  -T44_ ,,.__182.'10_ 19.1 |
| 12250 | or 12 . 4500 3070 6338 -14g5 | -23490 | 19.1
| 12249 } 2" | 12 3000 2270 5373 1080 -23490 | 38,7
| 12251 1‘ 2" 12| 4500 2600 5857 | -1115 | -26100 | 40.6
12283, 2" | 16 1500 | 270 4684 . -3225 __-36540 |33.9
. 12254 [ 2" . 24 11500...4930 . . 10540 . -831 _ . -41760 | 19.1
12255 2" 24 | 3000 | 8600 |14320 33 | _,iu60 205
12256 L2 1 24 4500 | 9130 | 15018 J__‘{gél 39150 | 21.5
*Just prior to impact. =9 -




Figure 6
High Flotation Tire - Obstacle Test
Peak Loads Occuring at Obstacles
Tire Static |*Actual Side [{
Record Obstacle| Pres- Vert. [Vertical! Vert. Drag | Moment! Wheel
No. Height | sure Load | Load Load Load In. | Speed
_— o ___lp,s.1.)l(Lbs,) |{Lbs,) | (Lbs) | (Lbs,)| (ibe,) (m.p.h,)
12274 4" 4 11500 | 1730 | 4800 -960 10440 i 20.5
12263 1 4"} 24 | 1500 | 4400 _Hlm.h_ré%ﬂ_ 23490 % 16.0
o 12282 | 6" 12 1500 1809,..4».&2{1{1*_,_45%5 18270 20.0.
12285 g" 24 | 1500 | 1930 11939 %iolflx__sssan_ 19.6
12280 6" 12 3000 3130 16800 -%38& 18270 20.2 .|
12281 o} 12| 4000 | a1s0_ | 11601 '§§§° 23490 | 10.6
12372 6" 4 1500 2130 6067 -1410 | 13050 27.9
12216 6 12 1500 ~1800 90617 -?ggl 15660 20,2
| a2am7 | e} 12 | 3000 | 3400 | 11467 gggo 15660 ) 19.3 |
| 12278 6" 12 4000 3330 i 10533 -éggg % 15660 | 18.8
12433 8" 3 1200 270 | 3067 =935 . 10760 6.9
L... 12436 8" 1200 ; 330 3000 -zggﬂ i 5380 ! 11.5
12428 4" deep 4 1200 1330 800 -935_ . 18830 10.5
| 12437 4" deep| 12 | 1500 | 3670 | 133 -E%ﬁ_'_&m_j_ 16.0 |
12431 |8"deep} 4 | 1500 | 1400 } 933 | -135 18830 . 16.0
12432 12''deep 4 1500 3670 1067 -1945 10760 ud
12440 12"'deep 24 1500 1530 400 -%g?g 5330 12.9
12241 12"'deep| 24 3000 | 2400 | 400 -170 | 8070 | 13.2
12442  |i2"deep 24 4500 3400 133 -5?8 64550 . 14,8
i

* Just prior to impact.
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Figare 7

High Flotation Tire - Rolling Tests
Drag versus Vertical Load at Various Tire Press.

e on

Record Vert. | Drag Tire
Number Load Load |Pressure

S -

o~ o

12198 | 2670# | 501# | 4 PSI
12245 | 5130# | 15124 4 PSI
| 12247 | 54704 | 1395#| 4PSI |
12204 | 2200# ; 639# | 12 PSI

12218 | 5200# | 1037# 12PSI| : -
12250 30704 1686#| 12 PSI

12254 | 4930# | 1512# 24 PSI|
12255 | 8600# | 1366# 24 PSI|
| 12256 | 9130# | 1221#| 24 PSI

Prragur ..o s e s .m—é.

v o s e

e !

NOTE: THESE READINGS WERE TAKEN
AT THE SAME POINT - JUST BE-
FORE THE TIRE HIT THE OBSTACLES
DURING ROUGH TERRAIN TESTS.
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Figure 8

T T :
e ] i “ 1 500 gkl e 1 1'” i
i ] T = o ; T T > :
i t E i 584 | ) ) i | b X AT
; ; T TWEW) T OWEW 50 Iwiy AV RTRes
. - - 1 .|+|0 ppme gy m -1 N
<! L uﬁ M Rl . L

N I | O Loy k- SRR Qe
= T = e = T T T =1 T T i 55 ey ey P, it 5K
_ i e 2l R ey T e i e et o]
: T ; * Tt ﬂ T4 prpgeyy ros 4. ..I..ll.*‘l.l.lll. I =t “ T : 1 1% S TOETY I e CrOY T To
g 1 i - < M : H - W \m ek ”m m . ) i m M M T w g 4 w.. ¥
. Ny 3= ] 3 - T s “ . - Iy +,h.: ..... 1 ! H..,_ . Sy : .¢. - 1 w?*
-1+ E W . sl [t W o s Sk 5T ERCHT RRReE IRI0S NN 91 LESSR SO0 !w-r...._T:I v | §135sh
T 15 =e=ch || =i T ; LS ar ; R ! P RS ! B R
. ! ! T| . - T S e = : Pt
IS e n e mbl iy = SR el Hebly E ia i i ml ||_T e ILWL.N, _ 2
w e 3 g

S S EEe

. |

w\.

Y

T
!

o b e me et R e SR RE LLU Y

he B! ok x‘. % h : {7e
LA & £ s : m = m ;- w .AM ’qmw
. : e I T RO e o L R HERE: il
EREEEEnEEEEEEEEEEERE AR ERE IR E S

5 WK

. |
ey ARk

3

1 1 ! :
1= it . } e
] t 5 _ + o e T 3 T
. 3 .| ol k i i | k 2!
g T e ﬁl.}: ST TR S AL AT LTI ET T AT 4.1 t 4
. i = 1 i v {Ehaer— - E o I
; e | e il
1+ 57 p ot A T s B M ._. T 1 uw .
A=t : + : ) i I ks
* 1 e GE TmewTs e sarapaas 4 L..|+,1

- - i
<4 . . i ' . 4 . > . - 1 | . ﬂ
5 T EINE AR AL [N E AR WIE = R woit EEEEE SR
1 1 ! F R Rl | b 1ty I - { A At I ) 3
75 ”l’tlriw T T H.,l 1 . 5 1 : # k! .Mﬂ i R +.‘>.L.r
53 o 5oy e il oot SRt b Feit LR s sl 2 T e L B S L o] earsiteby e s case

v Ki3cva

11-6G¢

0D ¥3SS3I /B 14405
HONI 2, 3HLOL O X O}

1{

b AN |

-12 -




Figure 9
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2, SUMMARIES (Continued)

b. Characteristics of High-Flotation, Foldable Tires (Continued)

(3) The general conclusion drawn from these static and rolling
tests was that this model tire would carry successfully all loads which
could be improved upon them by landings and taxiing of an L-19 type
aircraft unless the structural limitations of the aircraft were exceeded.
Therefore, it was also concluded that this model tire was structurally
adequate for flight tests on the L-19 and four such tires were built for
this purpose.

c. Venting-Hub Shock Absorption

(1) Wwith the results of the preparatory analytical studies as a
starting point, a 750-pound, laboratory model, venting-hub, shcck
absorption system was built and tested. This work is described by
Appendix 4, The Design and Development of Laboratorg Models to Study
the Feasibility of High-Flotation Tires for Aircraft, R245-012, This
prototype system made touchdown at relatively high pressure, sensed
the vertical load, and opened the vent valve proportionally to the instan-
taneous load. At a programmed pressure at or near the optimum run-
out pressure, the valve actuating mechanism was disconnected and the
vent valve closed by spring action, The valves remained closed through-
out the remainder of the landing run. To preclude cocking and consequent
possibility of initiating an undesired venting upon encounter of an obstacle
while taxiing, the system was arranged to be re-cocked only (1) when
airborne i. e. there was no vertical load upon the tires and (2) when the
tires have been inflated to a pressure just short of that to which they are
normally inflated for touchdown, This, incidentally, permits a relatively
high taxiing pressure which minimizes rolling resistance and tire wear
on smooth pavements. Reliability of the mechanisms was established by
approximately 3000 drop tests without spin-up and some 350 additional
drop tests with spin-up to touchdown velocity, Landing gear efficiencies
comiparable to conventional oleo-shock struts were achieved,

- 14 -




2. SUMMARIES (Continued)

c. Venting-Hub Shock Absorption (Continued)

(2) Success with this laboratory model, 750-pound, capacity
gystem led to a decision to adapt a partially designed 1500-pound capacity
system to flight tests on an L-19 aircraft test bed. Details of the develop-
ment of these flight-test venting-hubs are presented by Appendix 5, FAMD
Report Number R245-014, "Design and Development of Laboratory and:
Flight-Test Models of Landing Gear for Aircraft to be Operated from
Rough Unprepared Fields.!" The purpose of the flight tests was to deter-
mine the behavior of the tires and venting-hubs under actual landing con-
ditions, These flight tests were made during the winter of 1959-1960
and the summer of 1360, Remarkably close agreement was obtained be-
tween the drop tests and the {light tests with respect to sinking speecs
versus landing load factors. Details of the flight test program are con-
tained in Appendix 6, FAMD Report Nuinber FT 245-1, Initial Flight
Tests, High Flotation Landing Gear. Figure 10 shows a plot of sinking
speed versus load factor for both drop and flight tests,

(3) In general, the flight tests confirmed the results of the drop
tests and demonstrated the feasibility of suppressing landing rebound of
highly deflectable, high-flotation tires by the venting hub technique. The
test bed used did not permit installation of a high-flotation tire on the tail
gear because of limitations of gross weight and funding. Thus it was not
practic. i to use this test bed for exploration of the capabilities of the
system by landings and take-offs from rough, unprepared fields. It was
considered that the small, high-pressure tail wheel, mounted on an un-
damped spring, would have presented a high probability of serious acci-
dent under these conditions,

- 15 -
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2. SUMMARIES (Continued)
d. Tire Folding in a Slip Stream

(1) With analytically predicted success, experiments were con-
ducted with a helical bellows tire-folding scheme. The carcass of a 43-
inch flight-test tire was stiffened by cemented-on V-belts in circles con-
centric to each hub and in a symmetric array across the tread area of
the tire between the circles. The path of these semi-circular stiffening
ribs can be seen from the long transverse scars on the surface of the
inflated tire shown by Figure 11. Their path was skewed to the axis of
the tire about 10 degrees. When a vacuum is applied to a thin-walled,
continuously-wound-cord tire stiffened in this manner, the tire creases
inwardly between the transverse stiffening ribs, developing a helical
pattern of folds. As these folds progress, they exert opposite torque on
the hubs, and one hub is permitted to rotate. This initial movement
causes a progressive reduction in diameter of the tire as the helical
bellows are formed. After about a quarter of a turn, the outward com-
ponent of force on the free hub is reduced relative to the rotating force
and atmospheric pressure forces the hub toward its mate. The tire is
now committed tc symmetric folding and, when completed, the effective
width is reduced to approximately three-eights or slightly less of the
inflated width and the diameter to slightly more than the inflated diameter.
With a tire of a cross-section represented by two circles tangent to each
other at the rolling axis, ten transverse stiffening ribs will permit a re-
duction in diameter to approximately one~half, With a greater number
of transverse stiffening ribs it may be deduced that the folded diameter
can be reduced to less than one-halif.

(2) When tested in a slip stream at about 100 knots, it was
found that cemented-on V-belts did not provide sufficient stiffening to
preclude collapse of the leading edge of the tire against the axle when a
vacuum was applied., In addition, study of moving pictures of the folding
sequence conducted in the laboratory led to the conclusion that the per-
manent stiffness provided by V-belts (or molded on ribs) would interfere
with folding to a minimum package. Accordingly, experiments were

- 17 -




2. SUMMARIES (Continued)

d. Tire Folding in a Slip Stream (Continued)

conducted with an array of pneumatically inflated tubes inside the tire in
the same pattern as described above for the cemented-on V-belts. Control
of the inflation pressure, and consequently of the stiffness of these in-
flatable stiffening devices, was independent of the inflation pressure of

the tire. This system was tested at approximately 95 knots extended

below the belly of a C-119 type aircraft and successful folding was achieved.
The folded package was of the same dimensions and symmetry as achieved
in the laboratory. Figures 11 through 14 are photographs of the first
airborne folding sequence with the stiffening tubes inflated initially to
approximately 25 pounds per square inch. Later tests at higher initial
pressure in the stiffening tubes resulted in less partial collapse of the tubes
on the forward side of the tire and slightly faster folding. It was deduced
that higher pressures in the stiffening tubes would permit symmetric fold-
ing at higher aircrait speeds and probably would reduce folding time., This
successful demonstration of airborne folding in a slip stream concluded

the testing,
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Figure 14




3. CONCLUSIONS AND RECOMMENDATIONS

It is concluded that rough field landing gear can be developed based
on foldable, low-pressure tires and it is recommended that the ex-
ploratory work reported upon herein be followed by experimental re-
search with a suitably large ilying test bed and preferably of operational
status,
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SUMMARY

Feasibility of production of high-flotation tires by the
continuously-wound-cord process has been demonstrated by the
work reported on herein,

The techniques presently available for the continuous-cord
tire-building need to be refined and the process simplified before
production of continuously-wound-tires is programmed.

Analysis of the presently available techniques points clearly
towards the path to follow during the evolution of satisfactory manu-
facturing processes.

Uncertainty in the stress distribution in a high-flotation tire
carcass when severely deformed under load, indicates that it will
be necessary to use empirical methods in the refinement of high-
flotation tire design.




INTRODUCTION -

This report presents tiae results of experiments to date
directed towards development of teciniques for the building of
high-flotation tires of continuously-wound-cord. The contemplated
end use of such tires is for STOL aircraft intended to be operated
from rough unprepared fields, thus minimum tire weight is of great
significance. Feasibility of tne continuously-wound-cord method
was predicted by the referenced reports of the Battelle Memorial
Institute. At the writing a total of 24 tires have been built by the
continuously-wound-cord method.

The main body of this report will be focused on the techniques
used for the production of high-flotation tires No. 9 through 24, This
main body presents the present state-of-the-art. It consists of a
chart showing the sequence of steps in the tire-building operation
followed by a series of photographs of the specially-developed equip-
ment and descriptions of its use. During the production of these
last 16 tires substantially no changes were made in the techniques
employed.

Appendix A contains a description of the experimental work
of building tires 1 through 8. This work resulted in the techniques
employed for building the last 16 tires. During the building of
~tires 1 through 8, the major problems of techniques were recognized
and interim, workable solutions found to overcome them. These
solutions are considered interim because they are based on minimum
equipment and require maximum hand work and thus tires built by
these methods are relatively expensive., Analysis of these methods
indicates that the bulk of tie hand work could be eliminated by use
of more refined equipment and techniques and that production costs
using such methods would be equivalent to, or less than, costs of
conventional tires of comparable size, Besides demonstrating that
it is possible to build light-weight, foldable tires by the continuous-
cord method, the work to date has also resulted in guidance for the
development of more economical techniques.

The primary purpose of temiporarily {reezing technique
development with tire No, 8 was to produce test lots of tires, At
no time has it been concluded that the interim techniques would be
suitable for production since the unit cost of tires built by these
laboratory methods are too great. During the evolution of these
interim techniques, and during building of tires No. 9 through 24,
however, considerable thought was given to simplification and
streamlining of the processes with view of reduction of manhours




Introduction

and other costs of the continuously-wound-cord, tire-building
process. The results of this thought are summarized at the end of
Appendix A.

Appendix B is a summary of background information and dis -
cussion of present criteria for design ¢f continuously-wound tires. Due
to the uncertainty of the tensile stresses in a high-flotation tire carcass
when deformed severely during service, the most significant conclusion
which may be drawn concerning the continuously-wound-cord tire
design at this writing is that the optimum design can be determined
only by extensive testing of the tires under service conditions.

Appendix C is a tabulation of the design features of tires No. 10
through 24, included here for guidance of future tire-building tech-
nique development.

Appendix D tabulates the references. In general, material
contained in the references is not repeated in this report so that
fullest understanding of this report is enhanced by prior reading of
the references.
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SCHEMATIC TIRE-BUILDING

The arrows on the chart on the facing page trace the path
of tire cord from the supply cone, through the various steps in the
continuously-wound-cord, tire-building process, to the cured tire,
At the bottom is the box representing the pressure testing conducted
on the cured tires as the first step in proving tire worth and included
here as a matter of convenience.

The numbers at the bottom of each box refer to the like-
numbered photographs which follow in the same sequence,




Photo No., 1

Tire Cord Supply




35-761

TIRE CORD SUPPLY

This photograph shows a cone of nylon tire cord as supplied
by the textile industry. The supplier has coated the cord with a
resin which promotes adhesion of the nylon to natural rubber,
The cone is supported in its uprigint position by a tightly-fitting
metal rod passing axially through the stiff cardboard reel upon
which the cord is wound. The base of the cone fits snugly against
a sheet of lamb's wool to prevent the cord from being drawn
under the base of the cone as it pays off the upper end of the cone
and out through the loose-{itting bushing at the top of the sheet-
metal cover. The base is an off-the-shelf deep-fat-fryer used to
control the temperature of the cord.
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Photo No, 2

De-Kinker




29-839

DE-KINKER

In this view the sheet-metal cover has been replaced over
the cone of tire cord. The cord passes upward through the bushing
in the top of the cover, through the eye supported by the bracket,
thence to the right and through the de-kinker and finally out of the
picture to the left, The de-kinker is a device which smoothes out
any kinks which may form in the cord as it pays off the cone at a
rate up to 500 feet per minute. In the de-kinker the cord passes
alternately around two vertical, hardened steel pins and between
two, polished, rounded-edged bushings supported by each pin.
These bushings can be loaded with washers to control the minimum
tension in the cord between the de-kinker and the supply cone.




Photo No.

o

- 10 -

Pre-~-Tuber Festooner




PRE-TUBER FESTOONER

This device, shown with the front cover removed, performs two
functions. Primarily, it heats the tire cord just prior to its pass-
age through the extruder (hereafter called "tuber" in consonance
with jargon of the rubber industry) in order to secure maximum
adhesion of the rubber to the cord. The heat is provided by
resistance elements a! the bottom of the cabinet. The temperature
is controlled by a thermostat at the top. The cord is further ex-
posed to the heated air after it leaves the cabinet by the draft {rom
a blower with intake at lower right. The heated air exhausts through
the tube at the left which leads to a point near the entrance die of
the tuber.

Secondarily, this machine avoids a prolonged suspension of
tire-winding caused by knots or kinks attempting to pass through
the entrance die of the tuber and a consequent breaking and unreev-
-ing of the cord. This is achieved as follows. The cord enters the
cabinet after passing through a slot bushing at the right side and
around a vertical-axis pulley; thence it passes under the fixed pulley
at mid-height on the right; over the fixed pulley at upper right; then
down and under the weighted, moveable pulley at the bottom, thence
over the fixed pulley at upper leit; and finally, after passing under
the fixed pulley at mid-height on the left, passes to the tuber
through the tube extending to the left of the cabinet, When a knot or
kink is caught by the slot bushing, the weighted, moveable pulley at
the bottom is caused to rise upward on its guide wires., When this
moveable pulley lifts the weight shown suspended on one of the guide
wires near the top of the cabinet,a micro-switch opens and all '
power i3 shut off, stopping the movement of the ¢ord and preventing
a break, A simple kink can then be straightened out and winding
resumed, A knot can be cut out of the cord and the cord rethreaded
through the tuber without unreeving any of the pulleys, -

9-848 -11 -




Photo No. 4 -12 - Tuber




29-840

TUBER

This view shows both the tuber (identified by the NRM name-
plate) and its temperature control unit to the right. This equipment
coats the tire cord with fresh, green, tacky, uncured, carcass-stock
rubber, Prior to operation, the temperature of the barrel of the
tuber must be raised to approx1mate1y 850F,. in order to prevent
overloading of the masticating worm in the barrel. Rubber stock
of about one inch of cross section area can then be fed into the barrel
through the loading port just to the left of the lifting eye of the top
of the tuber. When the tuber starts grinding the rubber, considerable
heat is produced and the temperature control unit maintains the pre-
set barrel temperature by cooling the barrel with cold water from the
domestic service mains, wasting a small trickle of heated water,
Simultaneously the temperature of the cross-head of the tuber is
maintained at a pre-set temperature, A cross-head temperature
of 200 - 210°F was found to be optimum with the natural-rubber
carcass stock used in these experiments, The geometry and oper-
ation of the cross-head will be described in the next view, The tuber
must be tended continuously during tire winding.
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Photo No, 5
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Tuber Cross-Head




)-8417

TUBER CROSS-HEAD

This view shows the cross-head of the tuber. In it the pre-
heated tire cord is coated with carcass-stock rubber. The cord is
shown entering from the end of the tube at the left uncoated and
departing coated at the rigiit. The maximum cord velocity success-
fully coated and wound into a tire was approximately 450 feet per
minute, The entrance die of the tuber is cone shaped on its outer
surface, the apex of the cone pointing toward the direction of cord
movement, The diameter of the axial hole in the entrance die
should not be more than 10 or 12 thousandtis of an inch greater
than the nominal diameter of the cord, otherwise there may be a
slow rearward flow of rubber through the die and this may cause the
cord to jam in the die, breaking the cord. The exit die has a conical
recess matching the cone of the entrance die. An axial distance
between the two dies of approximately 3/16th of an inch gives optiinum
coating. Uicured rubber must be fed to the tuber at much greater
rate than is actually coated to the cord; otherwise the rubber will
remain at the elevated temperature of the cross-head long enough for
partial cure. Therefore, provision is made for continuous passage
of the semi-liquid rubber through the cross-head perpendicular to the
cord movement. This flow is regulated by the pressure exerted by
the worm in the barrel and by a valve at the over-flow port. The
highest pressure attainable, consistent with uniform cord coating,
is desired in order to secure thorough impregnation of the cord.

The rubber which passes through the over-flow port may be
cooled down and re-fed to the tuber, thus eventually all being coated
on the cord., Since the normal distance between the dies is only about
one tenth of an inch, due to the conical shape of the space, there is
a very rapid flow of rubber toward the cord at the small end of this
conical shaped space. Any foreign matter, such as particles of sand,
tend to collect at the exit die and if too large to pass through between
the cord and the die, either prevents symmetrical coating or causes
the cord to break. Since natural rubber is more likely to have foreign
bodies present than synthetic rubber, it may be concluded that synthetic
rubbers are more appropriate for use in a tuber than is natural
rubber. The cross-section of the rubber coated to the cord should be
equal to, or slightly less than, the nominal cross-section of the
cord. This amount is probably the minimum necessary for complete
impregnation of a tire and thus will minimize weight and thickness
of the tire. In the limited number of continuous-cord tire-building
experiments conducted to date, precise control of the rubber coated
to the cord was never achieved. The amount coated was always
greater than desired. A more rapid winding rate or a smaller exit
bushing or both might have achieved a thinner coating. The experi-
ments were suspended before these possibilities could be fully
explored.
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Photo No. 6 - 16 - Capstan




29-836

CAPSTAN

The coated cord is pulled through the tuber at a tension of up
to 8 or 10 pounds by this capstan, passing clockwise around the
left drum, down between them and counter-clockwise around the right
drum. The drums are grooved to prevent the cord from running off
and are driven by the direct current motor mounted above and to
the left through a non-slip, toothed, rubber belt, a so-called timing
belt. The speed of the motor is controlled by the demand at the
winding machine in a manner explained opposite the next photograph.
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Photo No., 7
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29-841

FESTOONER

This device provides for synciaronization of the winding maciiine
with the capstan, allowing sufficient dynamic storage to permit
smooth acceleration of the speed of the winding operation. The
cord passes under the pulley at the lower right, thence over the
upper pulleys and under the three gang pulleys of the floating array,
alternately, and finally down and out of the picture to the left.

When the winding machine is speeded up the increased demand causes
the floating array to be drawn upward. This causes the rotation of

a master selsyn motor and in turn a slave selsyn operates to increase
the speed of the direct current motor which drives the capstan and
vise-versa. The floating gang pulleys travel up and down on piano
wire with negligible friction. This device could be improved by the
addition of fair leads for each stationary pulley and by deeper grooves
on the sheaves, both improvements tending to inhibit accidental
unreeving.
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Photo No. 8

- 20 -

Master Selsyn Motor




MASTER SELSYN MOTOR

Cord tension in the festoouer is controlled by the weights
attached to the single floating pulley shown at the right. The heavy
black cord which passes under this pulley passes over an idler
pulley at the top of the frame, thence down and around the pulley
on the shaft of the master selsyn motor and then over the lower
pulley on the floating gang. Thus an upward or downward movement
of the gang pulley causes a rotation of the selsyn motor,




Photo No. 9 - 22 - Final Tensioning Device




oJ-4178

FINAL TENSIONING DEVICE

In the winding plane, the surfaces upon which the cord is wound
are non-circular. Therefore, with uniform speed of rotation of
the winding arm, there is varying velocity in the speed of the cord
as it passes the fair loads at the end of the winding arm. If allowed
to be transmitted back to the festooner, this varying velocity of the
cord causes a cyclic up and down motion of the floating gang pulley
and this limits the winding-arm rotational speed to an unacceptably
low value, The device shown here smooths out the changes of
velocity of the cord at the festooner and maintains a suitably low
tension in the cord at the tire, The cord coming from the festooner
passes around the vertical-axis pulley at the right, thence around
the small, very light-weight, floating pulley in the center, and thence

-around another vertical-axis pulley and into the hollow axle of the

winding arm,. The floating pulley is held to the left by a long strand
of rubber of the sort used to power model airplanes. Thus the six to
ten inch travel of this pulley to and fro, twice for each revolution of
the winding arm, causes a negligible change in tension of the cord.
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Photo No, 10




0-4717

WINDING MACHINE -1

From this view the set-out position of the tire hubs during
winding can be observed as well as the shape of the non-circular
surface upon which the tire cord is wound. Note also that the
angle between the axis of the mandrel and the axis of the winding
arm can be varied to accominodate variation in mandrel cross-
section, hub diameter or relative speeds of rotation of winding
arm and mandrel, all of which will cause a ci-ange in the angle
between the plane swept oy the winding arm and the axis of the
mandrel. The correct angle between the axis of the maudrel
and the axis of the winding arm can most easily be fcund oy trial.
In general, the winding plane should be set so that the cord is
tangent to the axle at the hub during winding.
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Photo No, 11 - 26 ~

Winding Machine -2




[

29-845

WINDING MACHINE -2

This view of the winding machine shows a tire with only a few
dozen turns of cord wound into place. A thin sheet of rubber called
a liner has been placed on the mandrel. The liner stock is compound-
ed for minimum permeability to flow of gasses. Notice the set-out
position of the hub and the recess in the mandrel which receives
the hub prior to cure of the tire. The curved path of the tire cord
across the tread area of the tire can also be observed in the upper
portion of the tire., This curve can be varied in shape by increasing
the clearance of the winding arm above and below the center-line
of the tread of the tire, by varying the relative speed of rotation of
the mandrel and winding armn, and by varying the angle between the
axis of the mandrel and the winding plane. The shape of the curve
of the tire cord on the mandrel surface will affect the inflated shape
of the cured tire.

As winding progresses there will be a build-up of tire cord on
the hub due to its wrapping around the hub while the winding arm
rotates with the cord in contact with the hub but not in contact with
the mandrel. This build-up will cause a change in tension of the
cords of the completed tire unless accommodated for by a small
movement of the hubs inward as winding progresses, The amount
of movement inward required is determined by tire-cord diameter,
total number of turns wound, depth of rubber coated on the cord,
and the amount of wrap around on each hub for each turn, While
winding a tire, all rotary power is furnished by the electric motor
and variable speed drive mounted above the winding arm support.
The rotation of the winding arm is carried through idler gears to
the shaft of the variable speed drive mechanism shown mounted |
directly under the hollow axle of the winding arm. From here the
power is carried by shafting downward to spur gears, thence
parallel to the winding arm axis to a point directly under the center
of symmetry of the mandrel where it changes direction to parallel
the mandrel axis and thence upward through idlers to the mandrel
axis. Once a tire design is standardized, the speed variator mounted
under the axle of the winding arm could be changed for fixed gearing,
thus removing one possible cause of trouble due to slippage in the
friction drive of the speed variator.
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Photo No. 12
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Cover Sheet Application




29-834

COVER SHEET APPLICATION

To provide protection against abrasion a cover sheet of carcass
stock rubber, approximately 0.020 inches thick, is applied over
the entire surface of the tire after winding is complete. This
completes the structure of tiie tire, Wearing surface or tread is
then applied as required by the service life desired.
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Photo No. 13
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Jacking In The Hubs




32-659

JACKING IN THE HUBS

In this tire, winding and cover sheet application have been
completed and the tire dusted with talc to prevent adhesion of the
tire to the sling. The hubs are being jacked into curing position
by a hydraulic jack inside the hollow axle.
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Hub Detail
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Photo No,




12-660

HUB DETAIL

This close-up of a hub being jacked into curing position shows
the ends of the pointed rods which form the ring of flange bolt holes
concentric to each hub. In the winding position the ends of these
rods project just far enough into each hub to prevent the hubs from
rotating on the mandrel spindle but not far enough to interfere with
symmetric placement of the cord. Notice also that the curing
flange has a metal center and a concentric rubber extension which
fairs to zero at the shoulder, the widest part of the tire. The inside
of the central metal portion of the curing flange is machined on the
inside to the contours of the outside of the bead of the tire. Consid-
erable force is needed to squeeze all the air out of the tire near the
hub and to compress this bead area into the desired shape. This
compression is begun during the preparation for cure and completed
while the rubber is softened during the curing process. After the
hubs are jacked in as far as practical at this stage, the pointed
ends of the rods are unscrewed and replaced by nuts and washers
holding the hubs in the jacked-in position.
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Photo No. 15 - 34 - Curing Tape, Preparation for Use




CURING TAPE, PREPARATION FOR USE

This view shows the machine developed for re-winding nylon
curing tape after it has been pulled at high tension through a
series of rollers submerged in hot water containing a silicone,
mold-release compound. After use the nylon tape is set to a
serpentine shape and must be softened by heat and stretched and
moistened before re-use. A roll of tape ready for use is shown
lying on the top of the re-winding machine,

0-631 - 35 -




Photo No, 16
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Nylon Tape Wrapping




32-658

NYLON TAPE WRAPPING

After the hubs are jacked-in, and secured by nuts set up on
the flange-bolt-hole-forming rods, the assembly is remounted on
the winding machine. Flat,flexible, copper washers are placed
over the curing flanges concentric to the spindle. These washers
cover the inner, metal portion of the curing flanges and extend
outward in steps partially covering the flexible, rubber portion.
These washers assist in securing a uniform pressure on the tire in
the region of the hub during cure. A short length of steel cylinder
is shown wedged by wooden blocks concentric to each hub with the
inner end bearing against the metal portion of the curing flange.
The angle between this stubby cylinder and the curing flange is
filleted by an aluminum casting. The assembly is now wrapped with
several hundred turns of thin nylon tape about three inches wide and
moistened to reduce slipperiness. During this wrapping, the mandrel
spindle and winding arm are driven independently at relative speeds
which cause about a two thirds overlap of successive layers of tape.
This tape, as with all nylon, has the property of shrinking with
rising temperature up to the melting point of the nylon and this
assures high pressure between the shoulders over the tread area of
the tire during cure. The result is sound, dense rubber in this
region after cure.
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Photc No, 17 - 38 - Nylon Tape Wrapping,
General Arrangement




2-656

NYLON TAPE WRAPPING, GENERAL ARRANGEMENT

This view shows the general arrangement of the winding
machine adapted for tape wrapping. Notice that the reel of tape
rotates with the axle of the winding arm avoiding twisting (or
cabling) during wrapping and that the tension on the tape can be
controlled by varying the load on the wooden slat which bears
against the tape in the reel, In this view, the first complete layer
of overlapping tape is almost wound into place,
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Photo No, 18

- 40 - Plastic Film Pressure Barrier




: -661

PLASTIC FILM PRESSURE BARRIER

After all the curing tape is wrapped into place, the stubby
cylinders concentric to each hub are extended by capped cylinders
held in place by a spring loaded rod passing through the hollow axle
of the mandrel. An open ended sleeve of heat resistant plastic film
is shown being sealed about the upper of the two capped cylinders.
The bead area of the tire is further compressed during cure by
inward movement of the capped cylinders caused by the curing tank
pressure. This pressure is augmented by a partial vacuum maintained
inside the pressure barrier provided by the plastic film. Maintenance
of this vacuum assures pressure on the tire during cure; whereas loss
of the vacuum indicates a break in the film and a curing failure unless
the break is promptly repaired. Shown also in this view are thermo-
couple wires placed under the film in order to control curing temper-
atures,
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«0-481

CURING

This view shows a 34-inch tire in a curing tank with a partial
vacuum on the assembly as indicated by the shrinking of the film
against the tape wrapped tire. In later cures the sharp re-entrant
angle in axial cross-section between the capped cylinders and the
nylon tape near the beads of the tire was faired by filleting with
heat-resistant rubber. This reduced the possibility of rupture of
the pressure barrier film.
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Photo No, 20 - 44 -

Removing The Mandrei




8-~449

REMOVING THE MANDREL

After removal of the plastic fi.m, the thermocouples, the
capped cylinders, the nylon tape, the stub cylinders, the copper
washers, and the nuts on the hub-flange, bolt-hole-forming rods,

a plate 1s bolted over the central opening of each curing flange.

One of these plates has an air hose fitting and the tire is inflated

to approximately fifty (50) pounds per square inch pressure through
this fitting. This pressure is sufficient to expand the tire and break
its partial bond to the mandrel. The curing flanges are now removed
and the hub-flange-bolt-hole-forming rods are unscrewed from their
tapped holes in the inner mandrel segments. The sleeve which holds
the inner mandrei segments in their assembled position is now freed
for removal by extracting the flat-head machine screws which pass
through the sleeve, radially outward, and screw into tapped holes

in each of the inner mandrel segments. The special tool developed
for this extraction is shown in use in the photograph., This photo-
graph was taken during a test of disassembly of the 34-inch mandrel
and extraction of the segments through the 3-inch hub holes of a
simulated tire built by lay up of rubberized fabric. After the sleeve
is freed by extraction of the radial screws, it may be removed by
sliding it out axially. The keystone segment is then freed by loosen-
ing its toggle clamps and extracted. Thereafter, the remaining
segments are unclamped and handed out through the opposite hub
holes. Small hands are required for disassembly of the 34-inch
mandrel with its 3-inch hub hole.

- 45 -




.__r..

i

b el

Mandrel Components

o I

Photo No., 21




28-125

MANDREL COMPONENTS

This shows a lay-out of part of the components of the
34-inch mandrel. The axial sleeve is underneath at right center.
The inner segments which bolt to the axial sleeve are the tapered
pieces on the bottom. The larger pieces on top span across the
tread area of the tire between the inner segments. The parallel-
sided, keystone segment is shown adjacent to the box of inner-
segment screws at the left.
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Photo No. 22 - 48 - Pressure Test Apparatus
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PRESSURE TEST APPARATUS

This view shows the developed apparatus for conducting
pressure tests, In the background are tihe gauges, tie manually
operated water pump, and the receiver tank waich provides precise
control of water pressure. When testing for the bursting pressure
of a tire, it is inflated with water under water, thus eliminating
probability of serious accident which migiht occur if a tire were to
explode while inflated with air and also relieving tie test tire from
carrying the weight of the inclosed water as would be the case if
the test tire were inflated with water in air. During burst tests,
the tire is first filled with water and pressurized up to the pressure
of the service main. The pressure is then gradually increased by
alternately pumping up the receiver tank and bleeding it down into
the tire, thus avoiding subjecting the test tire to the transient peak
pressures developed with each stroke of the pump and permitting
an accurate reading of the pressure at the instant of bursting. The
gauge for reading water pressure is mounted on the top of the receiver
tank. When inflating with air the water system is isolated by clesing
the valve with inclined stem at the rigiat front edge of the stand. Air
is then admitted to the tire through the pressure regulator shown
just below the right hand of the technician. Note also the valve just
below the regulator which isolates the air gauges when inflating a
tire with water. Three air gauges are provided, each with its isolat-
ing valve. This arrangement permits a more accurate reading of
pressure below 10 pounds per square inch than is possible if only
one gauge with reading of 0 to 100 pounds were provided.

In the foreground is shown the apparatus used for measuring
the cross-sectional change of shape of test tires with change of
inflation pressure. The pointed rods with tips shown bearing against
the tire are screwed outward just before each increase in pressure
and then, when the desired pressure has been reached and is being
maintained constant by the regulator (to overcome any loss b
seepage through the temporary seal at the cast aluminum hub), the
pointers are screwed into grazing contact and the distance between
the tire surface and the rod support bracket is measured by reading
calibrations on the rods. The tank in the center is used for sub-
merging the tire while conducting a burst test.
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DEVELOPMENT OF PRESENT TECHNIQUES FOR BUILDING
TIRES OF CONTINUCUSLY-WOUKND CORD

Eight experimental, high-flotation tires were fabricated prior
to 1 May 1958, all by the continuous-cord process. The first four
were defective in one respect or another and all had many leaks, The
last four were considered successful in that they held air, were
symmetrical wien inflated and had been inflated to a higher pressure
than intended in service. Further testing was required, of course,
to prove service life and other requisite characteristics.

All eight were wound by the same basic process but with
additions to the original machinery and tecimiques, the equinpmnent
being added to after each tire was built in order to solve problems
which had caused difficulty with earlier experiments,

The first seven tires were wound of conventional tire cord
from cones containing a variable and indeterminate number of knots,
Tihese knots were usually in only one strand of the cabled cord and
thus, by custom of the industry, the cord was labeled "knotless"
by tie supplier, After special effort, the supplier eventually was
persuaded to use techniques in cord processing waich produced
cones of truly knotless cord. This cord was uscd for tire No. &,
The lesson learned was that, wher dealing wich unfamiliar technical
jargon, one must remember that semantic difficulties can occur.
Knots in the cord precluded its passage througn the rubber extruder,
which coated the cord just before placement in the tire carcass,
since only a few thousandths of an inch clearance was allowable at
the entrance die of the extruder. Up to one and one-half hour delay
occurred when a knot was encountered, the delay being the time
necessary to cool down the extruder, open up and clean out the
cross-head chamber, re-thread the cord tiirough both the entrance
and exit bushings, and close and warm up the extruder.

For tires No. 5 through 7, an extruder-threading device was
available. This device, specially developed, consisted of a four-foot
length of 0.025 music wire with a loop of 0.006'" wire soldered to a
ground-down section on one end. This four-foot length of wire could
be pushed through both dies in the cross-head and then a faired-down
cord end could be doubled back through the loop of fine music wire
and pulled through the hot rubber, With this method, only five to
ten minutes delay was caused by eaci knot. Such a delay was satis-
factory for an experimental technique but was recognized as
unsuitable for production. Efforts to secure truly knotless cord
were continued with eventual success, as reported above.
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For tires 1 through 3, erratic rubber coating by the extruder
was encountered. This difficulty had not been anticipated and it
caused much trouble. Eventually, two steps were found necessary
and adequate to correct the condition. First, a heating cabinet was
provided between the supply cone and the rubber extruder., This step
was suggested because it was known that the rubber would adhere to
hot cord more readily than to cold. The other step consisted of
providing supplementary spillway ports for the rubber, concentric
to the exit bushing of the extruder. Tais step was suggested after
observation of partial cure of the rubber in the extruder when it had
been opened for cleanout during re-threading occasioned by knots.

Another unanticipated problem was caused by the force of 8
to 10 pounds needed to pull the cord through the extruder. The
resulting tension in the cord at the winding arm caused the cord to
slide along the surface of the partially wound tire, in the region of
the shoulders. This sliding resulted in a bunching and generally
non-symmetric cord array which became increasingly severe as
more and more turns of cord were wound into place, The low shear
strength of the green, uncured rubber was not sufficient to hold the
cord where wound. Several steps were taken to correct this condition
and related problems. The first was to provide a servo-controlled
powered capstan and '"festooner'(or temporary cord-holding device$
between the rubber extruder and the winding macihine. Tnis unit
reduced the tension in tie cord at the mandrel to a pound or so and
provided syncironization between winding machine and capstan. It
produced a decided improvement, but not good enougn, because even
at this tension the cord nad a tendency to slip on tne snoulders of the
mandrel and produce a non-symmetric pattern,

At about this time a related problem was appreciated. The
surface of the mandrel, upon which the cord is wound, is not circular
in the winding plane. As a result, a cyclic variation in the speed of
the cord tarough the fair leads at the end of the winding arm is
caused. This variation in speed produced a jiggling of tue lower, or
floating gang pulley of the festooner at all winding speeds except dead
silow. Eventually this jiggling would cause the cord to become unreeved
from one or more pulleys, with a consequent jamming a.d probable
breakage. WwWinding would have to be stopped and tihe cord re-reeved.
The cure was the provision of a tensioning device consisting of a
horizontally sliding pullev held by a spring of several feet of thin
rubber ribbon (salvaged from a golf ball initially). In addition, all
pulleys between this spring-tensioner device and the fair leads at the
end of the winding arm were replaced by very lignt weight ones of
aluminum,
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Wiile experimenting with the ‘ensioning devices and ligit-
weignt pulleys discussed aoove, it was found that more symmetrical
winding could be secured if a thin sheet of carcass stock rubber were
placed on the partially wound tire in order to provide a winding
surface tacky enough to hold the cord in place. Several successful
tires were built witn these supplementary sheets of rubber, but this
technique was abandoned when it was learned tiiat erratic cord coating
was being caused by foreign material in the carcass stock being fed
to the extruder. When consistently good cord coating was secured
with clean extruder stock and when the final tensioning device was
in operation, it was found that symmetrical winding could be attained
without applying tiie extra sheets of rubber.

It had been planned originally to provide pressure for the cure
of the first few dozen tires by wrapping them with nylon tape, utilizing
the shirinkage of nylon at rubber curing temperatures to provide the
required curing pressure. Tires 1 through 4 had a good cure from one
shoulder across the tread area to the other shoulder. As might perhaps
have been expected from considerations of angle and normal force, the
cure was poor in the sidewall portion of the tires between the shoulder
and the metal curing flange bolted to the hubs and concentric thereto.
For tires 3 and 4, an attempt was made to increase the pressure in
the areas between the shoulders and the hubs by placing a small aircraft
tire inner tube concentric to the hubs on each side and under the last
half of the turns of curing tape and inflating these tubes before placing
the wrapped tire in the curing autoclave. These attempts were failures,
probably because the inner tubes failed by blowout sometime during
the curing cycle. Adequate pressure concentric to the hubs was achieved
in tires 5 through 8 by covering the whole assembly with a sleeve of
either polyvinyl alconol or polyvinyl fluoride and sealing this sleeve at
each end to a capped metal tube, caps outward, held concentric to the
axis of the tire. This arrangement provided adequate pressure for good
cure throughout the whole tire carcass for these last four tires and
assurance of continuous pressure was attained by keeping a vacuum on
the inside of the tire during the curing cycle.

Another problem incident to tire winding was recognized. There
is considerable build-up of tire cord around the hub, the amount varying
with the relative velocities of rotation of the winding arms and mandrel
and with the angle between the two axes of rotation., During experimental
tire building to date, this build-up has been corrected by varying the
angle slightly between the axes of rotation, during the winding of a
tire., Admittedly this solution is only temporary measure because any
change in this angle results in a change in the cross-over angle at the
centerline of the tread, and consequently causes a change in the struct-
ural properties of the tire. This is a problem which needs more study.
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It is expected that the proper angle between the two axes will be found
only after a number of tires have been wound, with the same relative
velocities of rotation but with the angle varied, and the results have
been studied, '

Related to the problem cited above is another one brought about
by the geometry of the situation. The set-out position of the hubs on
the winding spindle is that point which causes the length of cord from
tangency on the mandrel to tangency at the hub to be equal to the same
length along the surface of tie mandrel when the hub has been moved
into its recess in the mandrel after completion of winding. As the
winding progresses, the build-up of cord at the hub disturbs these
critical relationships. In tires wound to date, tnis difficulty has been
corrected by an arbitrary set-in of the hubs at intervals during winding,
in an attempt to have all the cords in the completely wound tire at the
same tension. This problem also needs an experimental solution.

In the early planning stages of the overall program, it was
recognized that a successfully wound tire would require a rigid mandrel.
The tires built to date have been wound upon a segmented mandrel of
cast aluminum, all parts of which will pass through a 3-inch hub
opening for the 34-inch tire and through a 5-inch opening for the 43-inch
tire. These mandrels require several man-hours for assembly and
several more for disassembly after a tire has been cured upon them,
Despite the use of mold-release compounds on the mandrels, all tires
to date have had a tendency to stick to the mandrels. It has been learned
that inflation of the tire prior to removal of the mandrel will cause
separation of the tire carcass from the mandrel segments and permit
relatively easy removal of the segments through the hubs. This inflat-
ion saves a few man-hours, but use of the segmented metal mandrel
is recognized as satisfactory only during the development phase,

Evyen with inflatior of the tire prior to the disassembly of the mandrel,
its use is too time consuming for a production process. Development
must be continued on this part of the process.

The machine built for experimental tire winding has several
features not required in a production machine. For instance, there is
almost complete flexibility in relative speeds of rotation of mandrel
and winding arm, and the angle between the axis of rotation of the two
can be varied at will from 09 through 900. Thus the machine can wind
any cord pattern possible to achieve with a continuous cord process on
a torroidal mandrel. A simpler machine with less flexibility would be
more appropriate for production. Fixed gear ratios, rather than vari-
able-speed drives, would be one advantageous feature possible in a
production machine. Before fixed gear ratios can be specified, however,
the optimum cord pattern must be determined with more certainty than
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at present. It is the present belief that optimum gear ratios will be
known only after extensive service testing of high-flotation tires.

The hign-flotation tires built to date have been fabricated of
conventional tire cord and natural rubber. Because of slippage in the
shoulder region of the tires during winding, there is reason to believe
that winding a ribbon of several, perhaps even as many as fifty,
parallel cords each of very small diameter might resull in a more
accurate, consistent and controllable placement of the tension-carry-
ing material in the tire carcass; in addition, using the method may
produce a lighter, more flexible tire because of reduction of percent-
age of rubber by weight. Resolution of these points will require
extensive experimentation because the critical factors are not known
and thus this problem will not respond to analysis.

Some of the recent developments in synthetic rubbers, partic-
ularly neoprene and urethane rubbers, offer promise of greater utility
in high-flotation tires than natural rubber. In particular, properties
such as improved abrasion resistance and indifference to attack by
ozone or hydrocarbons are very promising in the urethane rubbers.
Considerable experimentation will be required before urethane rubbers
or other rubber-like materials can be exploited.

Winding a high-flotation tire of one continuous cord is time
consuming, at best. The present experimental winding machine has
separate spindles for the mandrel and winding arm, thus limiting
winding to one cord. If both rotational motions were achieved with one
vertical axis, it would be possible to feed in any reasonable number
of cords (or ribbons of parallel cords) simultaneously in a horizontal
winding plane, thus reducing the time of winding a tire by a marked
degree. It is believed that production winding machines should be
based upon the principle of simultaneous winding of a number of cords
(or ribbons of cords).
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RECAPITULATION - PROBLEM AREAS

The remaining unsolved problems suggested by the above are
presented again in the form of research and development objectives
as follows:

1. Detailed design and construction of a hign-flotation
tire winding machine capable of simultaneous winding of
more than one cord or ribbon of continuous cord; such a
machine should have sufficient flexibility to permit wind-
ing of all cord patterns practical for any torus-shaped
high-flctation tire but not necessarily capble of an infinite
variation of cord-crossing angle at the centerline of the
tread; the machine should be capable of winding tires of
a maximum diameter of about seven feet. Adjustment of
the angle between the axis of the mandrel and major axis
of rotation and adjustment of position of hubs on mandrel
axis shall be possible during high-flotation tire winding
without cessation of winding.

2. The investigation of all tension-carrying and impreg-
nating materials suitable for use in building high-flotation
tires with particular emphasis on feasibility, light weight,
abrasion resistance, immunity to attack by atmospheric
oxygen and other chemical agents likely to be encountered
in service, and retention of desirable properties at both
low and high temperatures. This work should begin with
reconnaissance of available fibers and rubber-like mater-
ials and progress through laboratory development of
processes and auxiliary apparatus needed for use by high-
flotation tire winding machines. In particular, possibil-
ities of ribbon-shaped tension carrying materials should
be fully explored,

3. Conduct such analytical and experimental work as is
required to determine optimum shape and cord pattern
for high-flotation tires as regards supported load versus
foot print area and shape, ability to roll over obstacles,
and maximum deflection to decelerate the sinking speed
of a landing aircraft, all toward the end of minimum
weight consistent with adequate performance and service
lifc. This work should begin with an analytical reconn-~
aissance of available shapes including cross-sections
both of intersecting and non-intersecting circles, and the
production of a test lot (approximately 8) of high-flotation

- 55 -




tests.

tire building.

a,

b.

and e,

4. Investigate all available inflatable, fusible, dissolv-
ﬁ able, or friable materials or combinations thereof which
may be adapted to use as mandrels for high-flotation
tire winding with the overall objective of reduction of man-
hours and costs in the production of high-flotation tires.
This work should begin with reconnaissance and small-
scale laboratory experimentation. Later phases should
include full scale experimentation and adaptation of the
most promising materials to experimental high-flotation

3 5. Design and produce clam-shell-type, female, tire
curing molds for all sizes of high-flotation tires. These
molds should incorporate provisions for changing the tread
pattern and for obtaining optimum pressure and temperature
during curing cycles. Emphasis should be on sound tires
and simplicity of equipment with complete control of the
process rather than upon automation,

6. Determine relative merits of new high-flotation tire
materials and configurations by service life tests conducted
by ground vehicles. Initially, several designs of the
34-inch size should be tested to develop information on:
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tires of a cross-section of intersecting circles of at least
four cord patterns. Later phases should include explor-
ation of other possible shapes and cord patterns and will
utilize the mandrels developed by the work in that problem
area. Basic tire behavior data should be gathered by the
existing rolling test rig. Service life and performance

of these experimental high-flotation tires will be deter-
ﬁ mined by the tests performed under the subject service

the ability to encompass obstacles,

the ability to transmit driving and braking
torque,

heat produced while rolling,

fatigue failure of tire carcass due to severe
flexing,

abrasion and penetration resistance.
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These tests under simulated service conditions will
supplement but not duplicate the static and rolling tests
conducted to determine optimum high-flotation tire

~configurations,
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CONTINUOUSLY-WOUND-CORD TIRE DESIGN

A torroidal-shaped, inflated structure with a central hole small
in relation to the overall diameter has a wide variation in the tensile
stress pattern throughout tixe structure, especially if the pattern is
interrupted by restraint as at the bead area of a tire., If the structure
is stressed only by the inflation pressure and restraint at the bead,
the stress pattern is essentially symmetrical about the major axis
of symmetry and on each side of the plane of the centerline of the
tread, but the intensity of the maximum stress varies greatly from
the centerline of the tread toward the bead. For an inflated but un-
loaded tire of small bead diameter relative to the overall diameter
and which inflates to essentially circular cross sections on both sides
of the major axis, there is much evidence pointing toward maximum
and minimum stress in the ratio of three to two at the centerline of
the tread. At any point on this centerline, the minimum stress lies in
the plane of the centerline of the tread (circumferential) and the maxi-
mum stress (radial) is perpendicular to it lying in a plane which contains
the major axis. Moving toward the bead in a plane containing the
major axis, the circumferential stress, which is perpendicular to the
plane of the section, remains about constant but the radial stress in-
creases. A perfectly balanced tire design should take account of this
variation in the stress pattern and place the tension-carrying material
in the density and direction which achieves equal stressing throughout
the structure. Such ideal conditions are, of course, impossible to
achieve with restraint at the bead, but a minimum weight structure
will be the closest practical approximation. Placement of the tension
carrying materials, the cords, in a properly-designed, continuously-
wound tire can achieve this approximation to a remarkable degree.

Analytical determination of the stress at any particular point
on a continuous-cord tire is very difficult, probably impossible at
reasonable cost, when the structure is inflated and deformed by
loading through the bead as is normal for tires when in use. There-
fore, empirical methods have been used in the past for design of
conventional tires and probably should be used for continuously-wound-
cord tires. The development of the experience data upon which empir-
ical design should be based will require the fabrication and testing
(under service conditions) of a large number of tires because there
are a number of variables which should be explored. Cord size, tire
cross-section shape, quantity, type and placement of impregnating
rubber, the shape of the curved portions of the cord paths in the tread
area of the tire, and tread requirements are probably the most import-
ant of these variables. These factors are probably interrelated but
the relationships are not known since experience gained with convent-
ional tires is not directly applicable in most cases.
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At the centerline of the tread, symmetry permits approximate
analysis of the stress pattern for the inflated but unloaded tire. Let
us assume the cross-section througn the major axis is represented by
two tangent circles, Let the radius of the centerline of the tread be R.
Then the radius of the shoulder of the tire (the widest portion) about
the major axis is ;_:{ . For a given inflation pressure Ap, the total

load across the centerlme of the tread imposed by this pressure equals
Ap7R2 minusA P7fh-) . The circumierence equals 2 7ZR. Dividing the

total load by the distance along which it is applied, we get the load per
unit length, the stress. This reduces to 3/6Ap R. It is the maximum
stress g'adml) at any point on the centerlme of the tread for the in-
flated but unloaded tire,

The minimum stress (circumferential) at all points on the
centerline of the tread is perpendicular to the planes passing through

the major axis. The total load on any sections taken through the major
axis resulting from the inflation pressure Ap is equal to A E7TR2 . The

distance along which this load is applied equals 22T R. Therefore the
stress or load per unit length equals Ap R . (This analysis is not

so rigorous as the analysis of the radial stress because symmetry
does not necessarily require a uniform loading along the cross-section).

Assuming that the circumferential tension does equal A__%i ,

let us now determine the cord-crossing angle at the centerline of the
tread which will produce a balanced design.

p3
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In the foregoing diagram let t he line C B represent a portion
of the centerline of the tread. Let D1 - D2 and D3 D4 represent two
cords which cross at C. Let the angle D2 C D4 be known as the cord
crossing angle ©. Let T =tension in any one cord at C.

Then 2T cos .g_ = Stress in direction C A (radial)

and 2 T sin @ - Stress in direction C B (circumferential)
Z

If Radial Stress at C = three halves the circumferential stress
at the same point, ’

then: cos ® = in 9
5 _3/2 sin -
tan & = 0.667
2
0 = 0
— = 33.7
2

0 = 679 (approximately)

It may be concluded that a cord-crossing angle, as defined
above, of approximately 670 would provide the optimum stress patt-
ern for the inflated but unloaded tire at the centerline of the tread.
This means that along the centerline of the tread the inflated but
unloaded tire carcass is strained to the same degree in all directions
so long as the cross-section is essentially circular. Thus the forces
tending to separate the cord from the impregnating rubber are mini-
mized and it is probably safe to conclude also that the heat generated
by change of stress intensity as the tire rolls along is also minimized.
In other words, optimum design is achieved at the centerline of the
tread when the cross-over angle at this point is about 67° for an
inflated but unloaded tire which inflates to a circular cross section,
Since such a tire in service is essentially circular in cross section
every place except in the areas in contact with or near the ground,
this is probably very close te the optimum cross-over angle for the
center line of the tread for a tire in service despite the disturbance
to the stress pattern brought about by the restraint at the bead and the
deformation caused by contact with the ground.

Because of the uncertainty of the theoretical distribution of
the circumferential stress between the centerline of the tread and the
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bead, with the inflated but unloaded tire,. the foregoing analysis was
not deemed adeqnate for the design of the tires to be used in flight
tests of the venting-hub rough field landing gear system. Since
available funding permitted the building and testing of only a very
limited number of tires, it was decided to check this theory by
building tires of three different designs and determine their inflat-
ed shape by direct measurements. It was considered that the design
which inflated most nearly to circular cross sections and which
would change shape most nearly symmetrically with increasing in-
flation pressure, would be selected as the most nearly balanced
design and subjected to further tests for load-carrying ability, etc.
before being mounted on the flying test-bed aircraft. Accordingly,
tires with cross-over angles of 900, 600, and a combination of
one-half 902 and one-half 60° were built. This latter design was
selected as being equivalent to a design with a cross-over angle of
750 with the further possible advantage of checking the affect, if any,
of multiple cord directions, this latier being a moot question.

The three tires were then inflated to pressures of 5, 15, 30,
40 and 50 pounds per square inch and the cross-section shape measured
and plotted full scale for each inflation pressure. The 900 cross-over
angle design appeared to ""grow' more rapidly between the shoulders
than in overall diameter as if the tire had more restraint than necess-
ary to stress in the circumferential direction at the centerline of the
tread. The 60° tire appeared to "grow' with increasing inflation
pressure slightly more in overall diameter than in width, but in
general the inflated shape was more nearly circular than either of the
other tire designs. The combination design appeared to ""grow'" more
in width than in diameter, similarly to the 900 design but to less extent.
The 60° design was selected for further testing because this design
most nearly met the test objectives and bccause this design has less
"wrap-around" of the hub and thus a tire built to it would have slightly
less weight than for either of the others. In addition, the slight depart-
ure from a circular cross-section exhibited by the 60° design in
favor of slightly increased overall diameter appeared to be advantageous
in that it provided a small amount of additional deflection, (or increased
rolling radius) in the tire.

In view of the limited scope of these inflation tests, it is not
believed that any conclusions should be drawn concerning the validity
of the assumption that the maximum stress is 150% of the minimum
stress at the centerline of the tread., The most that can be said with
confidence is that the results of these tests are consistent with this
assumption.
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A continuous-cord tire designed with cross-over angle of
about 67° would, of course, not inecessarily have tie optimum cord
pattern except at the centerline of the tread, because the bead diam-
eter and the clearance of fair leads at the end of the winding arm as
it crosses the plane of the centerline of the tread both affect the
pattern of the cords over the tread area of the tire between the center-
line and the point where the cord leaves or touches the surface of the
mandrel during winding, Of these two variables, the bead diameter
is usually established by considerations of axle size or vent port area
requirements so that only the clearance of the winding-arm fair lead
remains as a factor which may be varied in a program of empirical
determination of optimum design, so long as the mandrel cross-section
is based on two tangent circles.

The basic cross-sectional shape of the tire may also be
varied, of course. If this cross-section is based on two intersecting
circles, less distortion in the shape is needed to cause the carcass
to conform to the ground when in contact; thus there may be less
disturbance to the stress pattern in the portions of the tire not in
contact with the ground. If this is true, this shape should have less
reversal or change in stress while rolling and consequently less
production of heat with a resulting increase in service life,

If the optimum cord-crossing angles, between the centerline
of the tread and the circle where the cord leaves or returns to the
surface of the mandrel during winding, cannot be attained with mandrels
based on circular cross-sections, there are possibilities that elliptical
or spiral cross-sections may achieve the desired results, Tires
wound on such mandrels should probably be cured to a circular
cross-section to avoid residual stress in the impregnating rubber, and
thus experiments with non-circular mandrels should be conducted only
after techniques of curing in conventional female molds are worked out.

There remains possibilities of restraining the contour of the
tire in a manner which causes the inflated cross-section to become an
approximation of a cylinder with segments of circles connecting the
ends of the cylinder to the hubs. This cross-section can be wound
by the same method employed for tires of intersecting or tangent
circle cross-sections and in addition may have the advantage of even
less disturbance of stress pattern for a loaded, rolling tire than is
the case for the cross-section of intersecting circles., If this is true,
and only empirical methods can determine its validity, minimum
weight and maximum service life may be possessed by this design.
The central portions of the tread area of such a tire would be rein-
forced with cords wound parallel to the plane of the centerline of the
tread. These reinforcing cords would serve to restrain the inflated
contour of the tread area of the tire to the desired cylindrical shape,.
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Minimum weight will be achieved with minimum but adequate
tread. The restrained contour design may be the basic design which
promotes minimum weight because the weight of tlie cord necessary
to restrain the contour is a small percentage of the total weight of
cord needed for a tire and this design may minimize tread wear (and
required tread thickness) by reducing scrubbing of the rolling tire
on the ground. )

As regards cord, minimum diameter cord means minimum
impregnating rubber, minimum tire weight and minimum thickness.
Practical considerations set the minimum cord diameter if single
cords are wound, but if a ribbon of parallel cords is wound, each
cord may be very small in diameter without occassioning an un-
practically large number of total winding turns in a tire. In addit-
ion, the flat surface of a ribbon will promote adhesion of the ribbon
to the turns previously wound and reduce drift of the ribbon sidewise
along the shoulder of the tire during winding thus permitting greater
tension in the ribbon than in a single cord. Ribbons may be wound
from a spool or reel which rotates with the winding arm axle without
cabling the ribbon. It should be noted also that if the winding machine
is arranged so that the mandrel axle rotates about an axis passing
through the center of symmetry of the mandrel and perpendicular to
the winding plane, a number of ribbons (or cords) may be wound in
a horizontal winding plane, simultaneously, without cabling. It is
believed that production winding machines should be based on this
latter concept.

For continuous -cord tires which do not require folding, it is
possible that steel wire may be a more useful "cord" material than
nylon or other more conventional fibers. Since there is no problem
of end anchorage in the continuous-cord method, and since steel wire
possesses greater tensile strength for a given diameter, thus reducing
the quantity of impregnating rubber needed, and since heat is carried
away more rapidly by steel than conventional cord material, reducing
local build-up of temperature, possibilities of use of steel wire should
be explored.
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——- 3 . -
SPECIFICATIONS - TIRE NUMBER 10 11 12
SIZE ICLE 43" 43
Hi - Flo TIRE TOTAL TURNS 775 | 7700 T700 77
CORD ANGLE %0° 60° 900 90°
Materials - ;
—— f
Rubber, Inner Carcass Cover, Ga. S-#5160 S=5160 | S~#5160 S-#
{Schenuit = S; Carlisle = C} Gates = G) .0201 Poc 0201 Pe | 0201 Pe .0
Intermediate, Cover, Ga. 'S-£9059 5-#9059 S-#9059
.020 1 Pe «020 1 Pe | .020 1 Pe o0
Outer Cover, Ga. Amount S-#9059 S-#9059 S-#9%059 S~#4
.02C 1 Pe 0201 Pe | ,0201 Pe 024
, Ring, Around Hub, Ga. Amount None ', done | None .02¢
|
Tread, Amount, Ga.

‘ Cord Insulation S #9059 S #9059 S #9059 S #GH
Cord, Type (Nylom 420/2 420/2 420/2 <« Cord aticks
Hubs, Type(Inner Rubber Curing Flanges Used Regular Regular Regqular Reguﬁ

Tin Foil Between Hub amd Flange)
Pre-Heater (Incl. Sheep's Wool Base, Pole for Cone) Temp. 150° 1500 150° i 150°
Room Temp. Room
De-Kinker, Wt, Urnits, Heavy Washer 2}{; = 1,25 oz.Per Pole 1.25 1.5 1.50 1.50
(2 Poles per unit), Light Washer (L) = ,2% 0. Per Pole
Slot Bushing (.022" Opening) 022" &
Pre-Festooner - Weights (1402 Censtant) + 11 n 1 X5
Temperature FC 250° 250° 2500 250
Tuber
Die Space - Male and Female, Inches 3/8 ! 3/16/348 5/16 3/16 5/16
? 5/1
l"__._"-._"‘
Exit Die, Inches, Type A .035 Al. | .035 Al.&5tl. .050 Al. | .0
Barrel Temperature, F© 150° 150° 100 - 75° 75
| 4
Hesd Temperature, F© '[ 200° 200° 20 200
Die Temperature, FO 2000 200° 2000 200
Exhaust Opening (Varies during Run)
Sorew Speed (R.F.M.) e 3 to 5 5 to 6% 64 6%
Capstan (2 pulleys ~ Heat Lerpe) 2 Lighta 2 Lights 2 Lights 2 Uig
i Varied ari
Festooner - Counter Wts, oz, (Constant +) 12 12 17 17
Selsyn wis. 12 oz, Constant + 12 12 20 20
Final Tensioning Device (Aprrax. 3° Rubber) Golf Ball No Good . Model Air-

SR IS



CONTINUQUS CORD TI}

) . b s APFENDIX C
13 A VA 15 16 1% 0 I 21 '
43" 34" 43" 43" 43" " i 43"
7700 6000 7700 7700 | 770 7700 | 4500 {7700
90° - 60° 60° 60° 60° 60° | 6 | €00 | 60° [ 60°
PSS ] T B S S S N e e
| | i [} T
| Neo i l i
S-#5160 | S-#5160 | S#5160 | S#5160 |C-#8233 p C-#8233 C-#8233 | C-#8233  |C-#8233  Cf
Pe . .0201 Po .0201 Pc | .020 2 Pes| .020 1 Pc |.040 1 Po |} .040 1 Pe 040 1 Pe.| 040 1 Pc | ,040 1 Po | .OJ
9 S-#9059 S-#9059 None None None ' None None None None ]
Pe 0020 1 Fe¢ .0201 Pe ’ : '
9 S-#9059  S-#9059 S-#9059 | S-#9059 |C-#3233 | (#8233 C-#8233 C-#8233 | C-#8233
Pe 020 1 Pe .0201 Pc | .020 2 Pesl .020 2 Pcr |.040 1 Pc | 040 1 Fe | 040 1 Pc | (040 1 Pe | 040 1 Pe !
.020 1 Pc None .020 1 Pc ‘ .020 1 Pc.{ None 04C 1 Pe <040 1 Pe 040 1 Pc 040 1 Po !
,020 8" S-#3001 Is&gool S—#3001 S-#3001 S-#3001
L | 44 -pop 8% | o T 060 -/2*4s0"| ,060 10" 060 18"« 104
9 S #9059 S #9059 S #9059 : Sf#9059 | C-#E25 C—#625 C-#625 C-#625 C~#625
of tire f ]
! used Sheet ! ' ‘ |
! istock (Good) i
A , ! .
prd  sticke on spools —> 420/2 R.l‘,.20/2 < { : '
br  Regular | Regular ‘ Regular Battelle  Regular if(ieg'ular )' Battelle | Regular | Battelle | Re
1} ! 1] ° | Tw Ply'd 4
;b ;500 ';.o }1150° ;o ! 150° Room Temp Room Temp IRoom Temp | Room Temp % Room Temp ' :oozéa Temp ! F;io
emp. oom Temp oom Temp | } ! H i No Cover o
1.50 1.50 iuo L 258 |25 25 .25 .25 | .25 (1eny)|
| '
| i t | | 1
15 19 | 19 0 | © i 0 ‘ 8% O 0 to 8 | 4 :
' 250° 2500 250° 250° |250° | 2500 250° 250° 250° |
| !
/16 5/16 3/16 3/16 3/16 3/16 '3/16" 13/16 | 3/16" ! 3/16" ' 3/16" 3
| 1
1. . 050 Al. | 050 Al. | .05 Al.  .0% Al. |.050 Al. |.035stl. | .030 Stl, ‘r 023 Stl, ) .025 Stl, - g
STRIPPED 1m0y
750 75 750 75 85 | 75 s0 | as | 100 100 19
) 200° 2000 200° . 200° | 200 205° 20 i 200 200 |
) 200 200° . | 200° 200 200 | 1900 180 | 170 ' 170 1
| {
‘ ] A | i { i
&4 &% 6 | et &% 6 | 6F 6 3/e 16 3/8
| ; . . (Replaced) | !
ts 2 Lichts  Varied Varied | 2 Lieurs 2 Lighte 2 Lights 2 Lighte | 2 Lights 2 Lighte |2
V aried ‘ ' ;
17 b 17 | 12 ‘12 to &6 | 6 i 6 6 6 |
20 20 20 12 12 to 6 0 | 0 0 l 0
!

Adr- : : \ !




CONTINUQUS CORD TIRE WINDING DATA

!

o i L APPENDIX C S | s
- I “
| 16 W 18 19 20 21 | 2 23 2
43" 43" 43" 43" VLN VA LI 34" 43" 34"
| -
7700 7700 | 7700 7700 4500 7700 4500 7700 4,500
} 60° 60° ! 600 €00 ! 60° 60° ‘ 60° 60° } 600
- ————— — ¢ — + —— — N N f . o e s
| | ; !
i e | | |
S-#5160 |C-#8233 p C-#3233 C+#8233 C-#8233 | C—#8233  C-#8233 C-#8233 G-E-6 Neop.
bes|  .020 1 Pc |-040 1 Po | 040 1 Pc | 040 1 Pe.| 0401 Pc | .040 1 Po | .040 1 Pe 0401 Fs 020 1 Ps
None None None None None | None None Note None
| S5-#9059 |C-#8233 | C—#8233 C—#8233 C-#8233 | C-#8233  C—#83233 8- 51€C G-E-6
Pc-: ,020 2 Per{.040 1 Pec | ;040 1 Pe Q40 1 Pc 040 1 Pe 1040 1 Pc ! 040 1 Po .C20 2 Pes 020 2 Pos,
Pc | .020 1 Fe. None OLC1Pec | 0401 Pc | 0401Pc {.0401 Pe 0401 Pe| .0201 Pe ' G-E-6
t 3 .020 l Rco
S—#3001 183ggool S#3001 | 5-43001  |s—#3001 {S—#3001 S#3001 - G-#E-7 °°P:
* .60, 18% | 2080 [y | 060 /2%y/0"| .060 10" |,060/6" 100 060 JO" | 060 1€%I0% (050 v~ S
S #9059 |c=#B25 | c-#625 C-#625 C—#625 c-#625 C—#625 C#625 - C-#625
t of tire l 4 ;
used Sheet ‘ {
stock (Good) i
2 1
i . S e
Battelle , Regular | Regular ’ Battelle | Reguler | Battelle ‘ Regular | Battelle | Regular
| (Try Ply'd) & » (Try-Fly'd)
‘ | .
Room Temp Room Temp ll‘loom Temp | Room Temp ;| Room Temp ! Room Temp | Room Temp! Room Temp Room Temp
i ! | ’ | No Cover | No Cover | No Cover No Cover
f .25 .25 {25 L .25 25 .25 (1adp! .25 | 025 225
f H
| ! i { ! t §
o 0227
0 |9 | 0 | 8400 Ote8 | L Y, | L [
250° Izso" | 2500 2500 2500 250° 2500 250° i 250~
i | ! (New Male Die)
H i M
|
3/16 '3/16- 3/16 | 3/16" | 3/2€" 3/16" 3/16n 5/16*-3/16% | 3/16"
{
. <05 Al. |[.050 Al. |[.035stl. | .030 Stl, %oozslsg}o )' .025 Stl, . .025 Stl, v ooéz)zysu. )co3o Stl,
STRIPPE Tmas) . 00 h Q30
85 | 75 | 200 e | 100 ' 100 100 to 85| 85 85
200° | 200 | 2050 210 | 200 200 | 200 | 200 200
200" 200 | 1900 180 | 170 170 | 170-190 : 180 * 180-190
{ t i { { i
e & |a& | & 636 63/ & | e 6
. ' (Replaced) | | ! ;
| 2 Liewrs 12 Lights ‘2 Lights 2 Lighte | 2 Lighta 2 Lights |2 Lights ; 2 Lights 2 Lights
|12 12te6 | 6 e 6 6 6 e 620
| 12 12 to 6 0 0 o | o [ % b oo 0
' |
| !




Winding Arm - R,P,M, Average *

Setting From Merk

Prom Mandrel

Worm Gear Ratio

Speec Varistor

Setting

Bubs, Bolte - Length

Setting at Start From Mandrel
Amount Turred in @ 1/4, 1/2 & 3/4 Mark

Pulling In Hubs

Type Caring Flanges

Wrapping
Number of Tape

Overlap

Curirg
Type - Curing B

Turns

ag

- Thermocouples

= Vacuum T
Actusl Cure

Average Vacuum

Finished Tire

Description

Weight - Pounds

®* Fach Turn or 43"
Each Turn on 2."

0w

est

10! Aprrox
2! Approx

v

Never Weighed ¢

-

Rubber 3 Strends | pl
9 to 25 25 i
L2 33 1016" | 42
3/89 3/8% 3
30 -1
12.6 5.0 1 12
7t 74
5 5/8 5 5/8 5
.1/8" 1/8" 1/
Manuel Hydro- Ja
Jack
Schenuit Schemit Se
]l use only 1 use only 1 |
260 265 y
50% 50%
R-20 € —
#1 A
0.K. 0.k, 0.1
Good '‘Bag Broke ]| Fa]
Replaced
26 15 S
0.K. 0.X, 04
Thin Arouhd Thin T
SAW.




3
rands

plane 1/8" wvide : !
20 25 30 25 ‘ 25 30 I 30 30 30
/16" | 42¢ 42% &/ ‘ 33 11/16" 33 11/16" | 33 11/16" 33 11/16 to 34 3/16 34 3/16" | 34 3/16
33 11/16"
" 3/8" /e 3 5/8" 3/8" 3/8" 3/8 { 3/am 3/8* | 3 5/8"
12,6 12.6 to 5 5 |5 to '5 to 5.25 | 5 (-.005)| 5,00 | 5,00
. 5.0 ] | 5.005 l .
} (e ™ 7" 7" 2 ee T i 7 01 T
‘Too Long 7 (Pickl'd) .
8 | 5 5/8 5 578 6" 55/8 5 5/8 55/8 | ss/8 | 55/8 én
1/8 1/8" 3/16" '1/8 1/8 1/8" 1/8 1/8 3/16"
(100 turns | i )
WSt 3/4 : { l
mark) | : ! |
- Jack ' Jafk Manual Jack Jack | Jack i Jack Jack - Jack
1 4 |
1 ' 1}
i : i
mait Schenuit Schenuit Schenuit | Schemuit i Schenuit Belljo-g':“’;;f—-—‘) Belk%;k’z?f Schenudt
e only 1 ure only 1 use only Used again il use only| 1 use onl: sl Fir —? ”P;;g;";,,z,"”“,‘ Use Over
L | Buisb- U (Regos R
b5 250 260 312 Loas 212 312 335 280 )l 178
)% 50% 50% 50% 80% 80% 80 - 80 i 80
! ! !
| }
1 | M #1 #1 #1 #2 n #1 #1 #1
9 { O.?». O.Kc O.X O.K. O.K. O'K. O~K- OoKo ng.
Broke || Fair Good Good Geod | Fair Bad @ S/W Good Good
La_ced Due to —=% )
| Flange '
L I'* 19 22 24, bo22 23 21 19 ; 19 24
' (Lost !
Daring !
! Cure '
Repaired) l ! ’
k. 0.K 0.XK. S/M | O.K |C.K. Good | Good N/G Feir- Leaks 0.X, 0.K.
in Thin Best |Tire Used | Tire sent eir on S/W Loocks Qood Good
{ On Teath.gl to Battelle
7 Never Weighed 28} Ls7 u9.5 Never Weighed ¢ 47 2.5
: | |
§ i
I 4




| 30

I 30 30 50 30 . | 35 | 30 3
| 33 11/26" 33 11/16 to 3L 3/16 34 316" | 3L 3/16 34 316 1|:.u. 3/16" i ;i % - 133 1116
Y 3/8 3/an s/ar |3 5/8" aer |3 sem | /e
. ] ) o y s
|5 to 5 to 5.25 | 5 (-,005)| 5.00 | 5,00 | 5.00 |54-.015 | 5- .008 | 5.00
5.005 g ' ' | | ';
7 ! 7 7 | T 7 i 7 7 Y 7
7 (Pickl'd) | |. | | 2es. 12
5 5/8 5 5/8 5 5/8 5 5/8 6 55/8 | & | 55/8 (3
1/8 1/8" 1/4 1/8 | 316" 1/8" ' 3nen | 1/8 3/16"
! ! i Inner Rubbar
' | 1 Curing Flange
! . : | Jarmmed 1 Side
Jack | Jack | Jack Jack | Jack Jack | Jack 1 Jack Jeck
| | | | | \
| Schenuit Belko Sr:'“r';f-—-? Belkcz-*’l? Schenuitl Belko 1 Schenuit Belko ' Schenuit
l 1 use onl b-,::“'ﬂ;: Fir .‘——J’ .u%‘%'&fgyﬂti \ Use Over }}?;qt'uemrrur:' he-line ]\ﬁ:. .oepuﬂ | Re-Use
, Buicd-UP(RegOER ) v BERY | (BB ER)
b 212 312 33 280 178 " 225 | 211 236 200
801 80 20 80 80 ‘ 80 ‘ 80 80 80
| |
' i l {
> Re20 -
#2 N #1 #1 #1 | #1 #2 2 #2
O.xo oﬁ. C.K. O.KI OQKU ‘O'K. OOKD t O.K. OOK.
| Fair Bd @ S/W | Good Good | Good Good | Good Good
Due to —¥ ~ | ,
Flange ' ‘ |
23 21 19 L9 24 16 bo24 23 25
i ) | |
(Lost 1 i
During , ! ‘ |
Repa | o |
. R red
0:;’:11 ) N/G ‘ Fair - Leaks 0.Xo 0.K. ‘, Leoks Good| Good Good |
Tire sent | air on S/M  Looks good Good 3 .
g| to Battelle - u ‘
49.5 Never Weighed <2 L7 245 | 4905 21.5 43 - 26.5
; , . | |
!

|

o ;
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Appendix D

REFERENCES

RR 45 - A Progress Report on the Development of Landing Gear
for Use by STOL Aircraft Operating From Rough Unprep-
ared Fields --- Fairchild Aircraft, Division of Fairchild
Engine and Airplane Corporation, Hagerstown, Maryland,
1 August 1957,

R245-004 I - An Analytical Study of High-Flotation Tires for Air-
craft --- The Battelle Memorial Institute, Columbus, Ohio.
Phase I, 26 October 1956. Phase II, 15 March 1957,
Phase III, 1 April 1957,

Monthly Technical Progress Reports, numbers 1 through 26, beginning
with Report No. 1 for the period 21 May through 30 June
1957, for Fairchild Aircraft and Missiles Division, Pro-
ject M~-245B, Contract Number DA 44-176-TC-446, to
The Commanding Officer, Transportation Research and
Engineering Command, Fort Eustis, Virginia.

R245-010 - Static Test, High-Flotation Tire, Fairchild Aircraft
and Missiles Division, 19 February 1959.

R245-011 - Rolling Tests, High-Flotation Tire, Fairchild Aircraft
and Missiles Division, 17 April 1959,
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DATE 19 February 195
Choatic Test ~ HieoheW]obatiey Tipe
SUBJECT:- Stat cst d re. REVISED

FATRCHILD AIRCRAFT AND MISSILES DIVISION

Report Number R245-010

Model M~2)5B

STATIC TEST - HIGH FLOTATION TIWE
CONTRACT NUMBER DA LL-177-TC-~LL6
"T'he findings and recommendations contained
in this repcrt are these of the Fairchild
Aircraft and Missiles Division, and do not

necessarily reflect the views of the Chief
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follows:

tion.
flection,

range of deflection,

MANUFACTURER:

Falrchild Aircraft and Missiles Division
Hagerstown, Maryland

MANUFACTURER'S TYPE CR MCDFL NO.:

60%cross~over angle of cord-winding.
DRAWINGS, SPECIFICATICN3, EXHIBITS:
Engineering Laboratory Folder No, LTM-187
Wilson, Nuttall, Raimond Drawing No. l1~9
FAMD Drawing No. TM-296
QUANTITY OF ITEMS TESTED:
One

SECURITY CLASSIFICATION:

Unclassified

High-Flotation tire #15 rated at 1500# - L3® diamecter,

As specifically avthorized by Contract DA Lh-177-TC-LL6, the purpose of
the static testing of a high-flotation tire reported upcn herein was as

(a) Determination of stress distribution by measurement of strain in
the tire carcass of cne flipght test model tire at fi'll range cf
deflection from the inflated but unloaded tire to the filly bot~-
tomed condition in apprcpriate steps with the initial inflation
pressure equivalent to the maximum touchdown pressure in service,

(b) Determination of footprint area through the full rangé of deflec~
(¢) Determination of pressure varistion through the full range of de-

(d) Determination of supported load versus deflection for the full

In addition a secondary objective was the calibration of the test
rig which was subsequently to be used in rolling tests of the same tire,

REPORT KNO. - FAIRCHILD AYRCRAFT UDIVISION PAGES ! PAGE
N2L5~010) OF FAIRCHILD ENGINE g AIRPLANT CORPORATION i
MODEL, . PRELARED BY CHECKED. BY . APFROVED BY . ,
m-245 [ W.J. Sawyer i . . Interline arsden/Smi th/risby
paTe 19 Febrary 1359
Static Test -~ !lligh Flotaticn Tire.
L SUBJECT:- REVISED
ADMINISTRATIVE DATA
PURPOSE:

FA-800-234
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0] L i) B L 3 AXQCRANT DIVIGYLONM -
REPORT NO.  1i2lil~ e e SR s G AGES | PAGE 2

MOEL ol ] PRETARSTY . Sewyer ] L Phinterline Patonom. Ll /Frisby
paTE 19 February 1959
Static Test - liich Flotation Tire.
SUBJECT: - ' ) REVI SED

AV TNTSTRATTYVE DATA (continued)

DATLE TEST COMPLETED:
18 December 1958
TEST CONDUCTED BY:
W.J. Sawyer, FAMD Engineering Laboratory
DISPOSTTION OF SPECTIMEN:
Held for use in rolling tests.
ABSTRACT:

Static tests were conducted on a li3" diameter 60° cross~over hiph flota-

tion tire developed by FAMD under contract DA LLi-177-TC-LL6 with TRECOM.

The tire, rated at 1500# was subjected to vertical, side, drap, and tor-

que load tests. Oscillograph records of all test runs were made to cali-
brate the Wilson-=Nuttall-Raimond designed dynamometer.

The vertical load phase of the tests consisted of applying a 6000# load
through the axle and tire against a reaction platen at each of the ini-
tial tire pressures of 1%, 2, 3, L, 8, 12, 16, 20, and 2l PSI, Footprint
areas with the tire depressed to 6000# vertical load and at initial tire
pressures of L, 8, 12, 16, 20, and 2L PSI were measured and recorded.

Side load tests were accomplisned by holding a constant side load on the
platen while vertical load at the tire was first increased to 6000# and
then reduced until skidding occurred between the platen and the tire.
These side load tests were rur at 5% increments of sz 3200§ side load for
cach of the initial tire prescures of 2, L4, 8, 12, 16, and 20 PSI.

Drag and torque load tests were accomplished in a similar manner to the
side load test. Drag load tests were done for initial tire pressures of
L, 8, 12, 16, and 20 PSI, The drag load was applied in steps of 320# with
a maximum value of 2880# applied at 20 PSI initial tire pressure. Torque
load tests were done for initial tire pressures of 2, L, 8, 12, 16, and

20 PSI., Torque load was applied to the platen in increments of L,L80

inch pounds with a maximum value of L4,800 inch pounds applied at L PSI
initial tire pressure,

Oscillograph records were forwarded to Battelle Memorial Institute,
Columbus, Ohio for tabulation >f the data and plotting of the curves
presented in the Appendix of tiis report,

FA-800-23A




PORT 10, rahcoonn FATRCHILD ASUCH Tf DIVESTON 1 irers |r
REPORT 0. R2LS—CLO o faimnmiio Recinicy At Lorgy b oy (PAGE 3
WODEL = PREPARLD ) Ci ¢ . Wi

M-2)5 l ALY W wyer J T terline : 'x -0 rishy
DATE
: st - Hieh F tion Tire.
SUBJECT: - Static Te lirh Flotation Tire REVISED

FACTUAL DATA

DESCRIPTION OF TEST APPARATUS:

The test apparatus used in the static test of the
consisted of a heavy steel truck trailer type rig
Nuttall, end Raimond and manufactured by Thompson

high-flotation tire
designed by Wilson,
Equipment Machine Co.

The rip was supported at its front end by a2 steel tube stand and at the
rear by two calibrated load cells which were mounted on a series of steel
support beams, The test set-up is illustrated in photograph no. 38382 in
the Appendix.

The rig consisted of an open rectangular base mounted on truck wheels,
for use in rolling tests, located at the rear of the base, and a raised
platform at the front or tow end suitable for mounting equirment for
rolling tests. A larpge U~ shaped ;yoke was mounted vertically on the
longitudinal center line of the trailer which supported an air cylinder,
rated at 750 PSI. This jack was used for applying vertical load. The
test specimen, a L3" diameter 60° cross-over High~Flotation tire, was
mounted on a rotatineg axle and brake assembly which had for its support-
ing strut a 6-component dynamometer designed by Wilson, Nuttall, Raimond,
This dynamometer and tire axle acting as a strut assembly were mounted
in the yoke so that the jack could apply verticzl loads to the tire.

The dynamometer was of such desipn that all extraneous loads felt by
the strut under a given loading condition would be cancelled out, and
the dynamometer reading rzcorded for each of the 6 components would be
only the loads or moments existing at the center-line of the test tire,

The wooden loading platen under the tire was supported on steel balls
rolling between ground steel plates to allow free movement in the hori-
zontal plane. Jacks mounted on the steel beams supporting the ric were
attached to sides of the platen so that side, drag, and torque loads
could be applied to the platen independently with the tire depressed

under the vertical load,

Sandpaper was glued to the platen surface to

provide a high friction surface for the side, drag,

11l torque tests.

Tire radius and tire width changes were measured by standard laboratory

deflection pick-ups (Ref. drawings TM280O and TM201).

Vertical deflec-

tions were measured by helipots (Ref. drawing TM-315). Standard deflec-
tlon pick-ups were monnted on the jig base and connected to the platen,
for side, drag and torque tests, to measure movement of the platen under
these loads. All of the deflection measuring devices, the 6 channel
dynemometer, the 2 vertical load cells and hydraulic jack load cells
when used, were recorded on & C.E.C. Oscillograph,

FA-800-23A
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PYAE FAIRCHILY AIDCRAFT DAVISIGN
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WODEL PREVARED D4 CHECKED T, PRLOVED BY. ., .
M-2145 41 J. Sowyer r7 ...... “Enterline G Y Enith/Frisby

10 Wahn QL
DATE = February 1959

SUBJECT: - Static Test - High Flotation Tire. REVISED

DESCRIPTION OF TEST APPARATUS: (continued)

Stress distribution by measurement of strain in the tire carcass wes not
accomplished as no satisfactory method of measuring strain over a short
gage length could be determincd.

The vertical jack, the dynamometer and strut assembly, tire reaction
platen, and deflection measuring devices are shown in photographs 383€3
and 3838l;, and detailed in drawings THM-296 (FAMD) and Wilson, Nuttall,
Raimond drawing No. L1-9.

TEST PROCEDURE:

VERTICAL IDAD TEST.

At an initial tire pressure of lj PSI, a verticsl load of 6000# was slowly
applied to the tire by depressing it apainst the platen, and then the load
was slowly removed. An oscillograph record of the load cells and dynamo-
meter durine the load application and removal was made. A pip was recorded
on the oscillopraph at the time at which the tire began to wrinkle under
load. This procedure was repeated at 8, 12, 16, 20, 2L, 3, 2, and 1% PSI
initial tire pressures., Following this test, stamp pad ink was brushed
onto the tire surface and a large piece of paper was placed on the platen.
A 6000# vertical load was applied depressing the tire onto the paper. Tire
footprints were made in this marrer ot initial tire pressures of L4, 8, 12,
16, 20 and 2l PSI and 6000# vertieal load. The footprint areas were meas-
ured and are presented in the data section of the appendix. A plot of
vertical deflection vs vertical load for each initial tire pressure was
plotted from data obtained in this phase of the test as well as a calibra-
tion curve for dynamometer vertical load,

SIDE LOAD TEST.

Side load tests were conducted by anplying a suf'fiecient vertical load to
hold the platen steady while a side load was applied by separate hydraunlic
jacks., Holdirr this side load constant, the vertical load was increased to
6000# and slowly reduced until the platen skidded from under the tire.
Using this procedure, oscillograph records were taken in 5% increments of

a 3200 side load at 2, L, 8, 12, 1( and 20 PSI. The point at which the
skid occurred was observed visually and recorded as a blip on the oscillo-
graph. A plot of vertical deflection vs. vertical load for each increment
of side load was plotted from data obtained., Separate curves were plotted
in this manner for each initial tire pressure, A calibration curve for the
dynamometer side load was also ploited.

FA-800-23A
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paTE 19 February 1959
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Static Test Hirh-TFlotation Tire. REVISED

FACTUAL DATA {continued)

TEST PROCEDURE: (continued)

DRAGY LOAD TESTS.

Drae load tests were done in the same manner as the side load except
braking action of the tire was required for this test. This necessi-
tated the use of a locking plate to restrain the tire from rotating
when the brake installed for that purpose failed to hold. Similar
curves were also plotted.

TORQUE LOAD TESTS.

Torque load tests were conducted in a like manner to those above and
curves of the same type were plotted.

Comparison curves of vertical load vs side locad and vertical load vs
drog load at skid point were also plotted and appear in the Appendix.

RESULTS OF TEST:

The dynamometer readings were “ound to be consistent for given loads
and the high flotation tire withstood all loading phases of' the test
with no measureable permanent distortion. Some wearing of the tire's
surface occurred as a result cf the frictional pull and twist encouu-
tered in the side, drag, and *orque load phases of the test. The lack
of tread-stock on this test tire is responsible for this result.

Vertical load test curves of vertical load versus vertical deflection
at varying initial tire pressures indicate wrinkling of the tire at
1% PST under a load as small as 750#, and very small or no wrinkling
at all at 16, 20, and 2i; PST under full 6000# load,

Curves plotted from side, drag, and torque load test data show a 1.51
ratio of vertical load to side load at skid, a 1.L45 ratio of vertical
load to drag load at skid, and ,117 pounds of vertical load per inch
pound of torque at skid. Curves of vertical deflection versus verti-
cal load plotted for side, drag, and torque loads show only a small
variation of vertical deflection resulting from high and low, side,
drag or torque loads, The maximum vertical deflection variation being
approximately 2 inches for drag loads under 6000# vertical load and

ly PST initial tire pressure. The peneral trend was for maximum varia-
tion of deflection at low initial tire pressures and then diminishing
with increased tire pressures,

FA-800-23A
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DATE 19 Februaryv 1959

SUBJECT: - Static Test - High-TFlotation Tire. REVISED

FACTUAL DATA (continued)

RESULTS OF TEST:(continued)

Pressure variation under 6000# vertical load ranges from almost double
the initial tire pressure at L PSI to a neglipgible change at 2L PSI.

TEST DATA:
Submitted in the Appendix.

CONCLUSIONS:

The test specimen withstood a maximum of 6000# vertical load, a maximum
of 2880# side load in combination with a 6000# vertical load, a maximum
drag load of 2880# in combination with a 6000# vertical load, and a maxi-
mum torque of LL4,800"# in combination with a 6000# vertical load. The
test tire showed no sipns of undue stress under repeated loading combina-
tions at varying initial tire pressures. It is thus concluded that the
test tire has load carrying capabilities well in excess of its design

values,
RECOMMENDATIONS s

It is recommended that the tire be subjected to a Rolling Test program
to determine dynamic stability prior to flight tests. In the opinion
of the FAMD Engineering Taboratory, the tire should prove completely
satisfactory for {light testing.

EA-800-23A
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APPENDIX
CONTENTS OF APPENDIX

ITEM PAGE

List of Photographs 8

Log of Test 8

Footprint Area Data Sheet 9

Graphical Data 10 thru 34

Photographs Appended
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paTe 19 February 1959
SUBJECT: - Static Test - High~Flotation Tire. REVI SED
APPENDIX
LIST OF PHOTOGRAPHS:
38382 Test Fixture Rig
38383 Clos¢~up of Tire & Dynamometer
3838L Close-up of Tire and Dynamometer
10G OF TEST:
Date
10-10-58 Received test tire.
10-31-58 Started static test runs.
11-25-58 Vertical load phase of test campleted.
12-1-58 Side load phase of test completed.
12-12-58 Drag load phase of test completed.
12-18-58 Torque load phase of test completed.

FA-800-234A




STATIC TEST LAUGORATORY DATA SHEET Page 9

FAIRCHILO AIRCRAFY DIVISION

PAGE OF
PrOJECT: __HIGH FLoTATIoN TIRS T EST DATE
MODEL: CONDITION: TIRE FOooT PRINT. ARIEAS
TEST NO- TESTED BY:
STRESS WITHESS: CUSTOMER IKSPECTION:
1 2 3 <}
TIRE PRESS. TKE PRESD ARE A COLUMN 2
D ~ELG vERRSaan EoTPRNT SR
PO R SO NS POUVNDS
A 1.83 6741\ 278
8 o8 532.9 SH425
\2 1 3. 3) 4.0 5970
‘6 6. 98 338.9 S5,
=<0 20.76 250, & L5L29
24 24.44 246, 0 5866
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DATE "E‘I'il 13, 19(79
) Rollin~ Test - Hiech Flotation Tire.
SUBJECT:~ 1ling ‘ v REVISED

LLETRACT

Rolling tests were conducted on a tire to determine rolling resistance on
smooth pavement, reaction to simulated rough terrain, cornering, camber angle,
braking, lateral stability, and shimmying tendencics. The test specimen was a
L3" diameter high flotation tire, rated at 15007, with 60°cord cross-over de=-
veloped by FAMD under controct with THECOM. Oscillogyeph records were made of
all tests and moving picturcs were taken of some runs at each phase of testing.

The test rig consisted of an open rectanpular bace mounted on truck wheels,
located at the rear of the base, and a roiscd platform at the front or tow eond
on which was mounted a threc sided instruncnistion and personnel shelter. This
rig was towed by a highusy type tractor. The basic rig was the same as uscd for
the static tests and described in FAMD Report No. R2L5-010.

The rolling resistance phase of the tests consisted of applying a 15007
vertical load through the axle and tire at each of the initial tire pressures
of h, 8, 12, 16 and 2} psi., and making runs up to 4O lFH on smooth pavemcnt,

The simulated rough terrain phase of the tests consisted of rolling, at
various spceds, over obstacles and across a ditch which simulated ruts, bunps,
and pot holes respectively. The heipght and spocing of olLstacles and depth of
the ditch were changed for different tests. Vertical loads of 1500%, 3000/,
and L4500/ were zpplied at initial tire pressurcs of L, 12 and 24 psi.

The smooth pavement cornering phase of the tests consisted of setting the
axle at a 15° caster angle and making a 0-15 MPH run on cmooth pavement. Loads
of 10004/ and 1500/ were applied at initial tire pressvres of L and 2l psi.

The camber angle phase of the tests consisted of setting the normally verti-
cal axis of the strut at a 15° angle from the vertical and making a run of 0-4L0-
O MPH on smooth pavement. Runs were made with 1500/, 3000/, and L4500/ loads
applied at initial tire pressurcs of 12, 20 and 24 psi.

The last phase of testing was the broking, lateral stability, and shinmy-
ing tendencies on smooth pavement tests. This consisted of making 0-40-0 liPH
runs on smooth pavement and 'steering' the tire so as to try to induce shinmy.
The high flotation tire brake was applied on the deceleration part of theoco
tests.

Oscillopgraph records were made of every run and the tabulated data and
graphs are prescrited in the Appendix of this report.

The tire withstood 2ll phascs of testing with no apparent domage exceopt
in the cornering tests when the lack of trcad-stock on this tire resulted in
surface-wear exposing the cordinge.

FA-800-23A
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OF FAIPCHIID FENGINF & AIPPLANE CORPORATION
MODE L. I PREPARED BY . I CHLCILD BY APIROVED RY s
M-2L5 3.R. Klein R, td=r] i engmortbn/af Ty
, paTe  April 13, 1959
SUBJECT:- Rolling Test - Hiph Flotation Tirc. REVISED
ADMINISTRATIVE DATA
PURPOSE:

As specifically. authorized by contract DALL-177-TC-LL6, the purpose of
this test on a high-flotation tire was as followus:

(a) Determination of rolling resistance of the hich-flotation, prototype
flight test model tire on smooth pavcisent through the practical range
of inflation prescures and ranves of deflection for speeds from 0 to
the limits imposed by the available tcst veliicle, but not to exceed
115 feet per second.

(b) Determination of behavior of flipht tcst model tires at 100, 200,
300 per centum rated load as repards cornering, braking, lateral sta-
bility and shimmying tendcncics, while rolling upon smooth pavoaments
at speeds from O to the limits jmposed by the available test wvehdeloes,
but not to exceed 115 feet per sccond.

(c) Determination of behavior of flight test model tires, to include re-
action forces generated from encountering various ruts, bumps, pot-
holes, etc., at speeds from O to limits imposed by the available test
vehicle, but not to exceed 115 feet per second and with supportecd
loads up to 300 percent rated load or as limited by bottoming or
tire wrinkling.

MANUFACTURER3

Fairchild Aircraft and Missiles Division
Hagerstown, Maryland

MANUFACTURER'S TYPE OR MODEL NO.s

High-Flotation Tire Serial No. 15 rated at 1500/ - ;3" diancter,
60° cross—-over angle of cord winding,

DRAWINGS, SPECIFICATIONS, EXHIBITS:
Contract No. DALL-177-TC-LU6
FAMD Report R24,5-010
Wilson Nuttall Raimond Drawing No. 41-9
(Copies may be obtained on request to FAMD)
QUANTITY OF ITEMS TESTEDs

One

FA-800-23A
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B.R. Klein

ADMINTISTRATIVE DATA (continued)

SECURITY CLASSIFICATION OF ITEM:
Unclassified

DATE TEST COMPLETED:
March 9, 1959

TEST CONDUGTED BY:

FAMD, Engineering Laboratory
DISPOSITION OF SPECIMEN$

Held pending disposition notice from TRECOM,

WU g2l | YRR Kiedn | R fnterline Earsden/iorton/Frishy
oaTe  April 13, 1959
SUBJECT: - Rolling Test - High Flotation Tire, REVISED
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R2IE~C1Y  OF FAILCHILD FNGINE p ALRPLANF COMPERaTIC
MODEL PREPAKED. BY 5 CUECEED BY i APPROVED BY. . S
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paTE  April 13, 1959
3 EROE YRR & I 5 o 4ot 3
SUBJECT: - Rolling Test - Hizh Flotation Tire. REVISED

FACTUAL DATA

DESCRIPTION OF TEST APPARATUS:

The test apparatus used in the rolling tests of the hich-flotation tire
consisted of a heavy steel truck trailer type rig designed by Wilson,
Nuttall and Raimond (reference drawing No. L41-9) and manufacturcd by
Thompson Equipwent Machine Company. This rig wss towed by a highway
type truck tractor. The set-up is illustrated in photographs no. 38948
39013 and 39011 in the Appendix.

This rig was basically the same as used on the static test and described
in FAMD Report R2L45~010. A three sided instrumentation and personnel
shelter was mourted on the raised platform at the front or tow end of
the rig. A multichannel C.E.C. oscillograph and amplifiers were mounted
in this shelter,

Electrical power was supplied by an engine-driven generator, 28 volt D.C.
70 amp. capacity. A moving picture camera was mounted a few fect in front
of the tire to obtain regular and slow motion pictures of the tire during
testing. Seats were installed in the shelter for an oscillograph opera-
tor and an observer,

A foot brake system for the high flotation tire was installed under the
instrument table, and was operated by the oscillograph operator when
braking data was desired. A wheel was installed at the rear of the rig
which was instrumented to record the direction and speed of the rig on
the oscillograph, Compressed air bottles were mounted on the side of
the rig for changing the tire pressure and operating the vertical-load
cylinder, However, after about two thirds of the test program was com-
pleted, excessive air leakage in the cylindcer prompted a change to oil
operation,

Deflection and turning of the strut were measured by helipots, refercnce
photograph no. 39012 in the Appendix. All of the deflection measuring
devices, the 6 channel strut dynamometer and the helipois, were 1ccorded
on the C.E.C., oscillograph. Strain gages had been installed and coli-
brated on the dynamometer during the static test pro.com using laberatory
load cells.,

The obstacles used in the rough terrain tests were as follous: ob.tacles
simulating ruts and bumps were installed singly and in scrics at spacings
of I} to 16 feet. A 2 x 10 board was anchored to the runuay and other
boards fastened to it to change the obstacle heipght. These obstncles may
be secen in photograph 38971. A pothole was simulatcd by making a ditch
with plywood sides to prevent crumbling of the edees. The ditch was 2L
inches wide by LO inches long. The depth of the ditch was varied fron

12 to L4 inches by adding or removing boards, The ditch is showun in
photograph no. 38970,

FA-800-23A
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SUBJECT: Rolling Test lizh Flotation Tire. REVISED

FACTUAL DATA (continued)

TEST PROCEDURE:

ROLLING RESISTANCE TESTS~

At an initial tire pressure of L psi, a vertical load of 1500/} was
applied to the tire and a run made from 0-40-0 MPH. An oscillograph
record was taken during the entire run. This procedure was repsated
at 8, 12, 16 and 2L psi initial tire pressures. The high flotation
tire brake was applied during the deceleration of some of these runs.

SMOOTH PAVEMENT, BRAKING, LATERAL STABILITY & SHIMMYING TENDENCIES TESTS-

These tests were conducted by "“Stecring'" the tire from neutral to 5 or
10 degrees in each direction during a 0-40-0 MPH run. This was done to
try to induce shimmy. The brake on the high flotation tire was applied
during deceleration on those runs. Tests were run at L, 12 and 2L psi
tire pressure. At L psi, loads of 1000# and 1500# were applied at 12
and 2L psi, loads of 1000#, 1500#, 3000} and L500# were applied. Os-
cillograph records were taken during all runs.

SIMULATED ROUGH TERRATN TESTS (RUTS AND BUMPS)-

These tests were conducted by running the tire over wooden obstacles
simulating bumps. Two obstacles were used, varying in height from 2"
to 10" and in spacing from L to 16 feet. Tests were run at L psi ini-
tial tire pressure with 1500/ vertical load applied and at 12 and 24
psi with loads of 1500#, 3000/ and L500#. The height of the obstacles
was increased at each tire pressure and load until it was considered
unsafe for the tire or for axle clearance. O0scillograph records ucre
taken and a blip was put on the record as the tire hit the obstacles,

SIMULATED ROUGH TERRAIN (DITCH)-

These tests were conducted by running the tire over the ditch at the
various loads and tire pressures. Three different ditch depths were
used, L, 8 and 12 inches, until it was concluded that the depth had
little or no effect on the tire. This was due to the fact that oil,
used to raise and power the vertical load cylinder, hydraulically locked
the cylinder in place, thus preventing the tire from dropping into the
ditch, It should be noted here that the cylinder did not move verti-
cally, even when air was used in the system while conducting the tests
over obstacles and therefore the change to oil had little effect on

the results of this test,

FA-800-23A
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DATE
SUBJECT: - Rolling Test ~ High Flotation Tire. REVISED

FACTUAL DATA (continued)

TEST PROCEDURK:

SIMULATED ROUGH TERRAIN (DITCH)- (continued)

Tests were run at the identical tire pressures and loads used in the
tests over the obstacles simulating ruts and bumps. Oscillograph re-
cords were taken during each run.

CAMBER ANGLE TESTS-

These tests were conducted by rotating the large U-shaped yoke on

the rig to the desired camber angle. The first angle tried was 259,
However, it was found after one run, that at this angle the friction
in the cylinder and excessive leakage past the piston prevented
raising the tire. It was also found that there was interference at
this angle between the brake drum and the side of the rig at the
higher loads, Therefore all of these tests were run at 150 camber
angle. Since at this angle the tire wrinkled to excess at any appre=-
ciable load at L psi tire pressure, tests were run only at 12, 20 and
2l psi tire pressure. At 12 psi, loads of 1500# and 3000# were applied
and at 20 and 2l psi initial tire pressure, loads of 1500#, 3000# and
L500# were applied. The test consisted of a 0-40-0 MPH run on smooth
pavement, Oscillograph records were taken.

SMOOTH PAVEMENT CORNERING-

These tests were conducted by rotating the axle to a 15° caster angle
and making a run on smooth pavement at a speed considered safe for
the tire. In this case the runs were made at speeds up to 15 MPH.
Due to the large amount of rubber taken off the tire in these tests,
runs were made only at 1000# and 15004 at tire pressures of L and 2
psi. Oscillograph records were made during entire run.

In every phase of testing, a representative number of moving pictures
were taken, at different tire pressures, loads and test conditions.

FA-800-23A
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DATE

SUBJECT: - Rolling Test - High Flotation Tire RBVIRER

FACTUAL DATA (continued)

RESULTS OF TESTz:

Dynamometer cross channel response was determined by investigating static
test calibration runs. It was determined that the only loading conditicn
that affected other channels was vertical loading which caused some re-
sponse in the side, drag moment, and torque bridges. The amount of this
response 1is tabulated on page 12.

Overall calibration accuracy of the dynamometer was within I 2% of full

range. The oscillograph records can be read to within I 1% accuracy for
1 inch of trace deflection. Before each group of test runs, calibration
runs were corrected for any change in voltage that occurred.

It is estimated that the overall accuracy of the plotted data are within
I g,

The high flotation tire withstood all phases of testing with no noticeable
permanent distortion., Considerable wearing of the tire surface occured
during the caster angle and the "steering" iests. The condition of the
tire after this type of test may be seen in photo. no. 38911, The lack
of tread-stock on this tire is primarily responsible for this result.

Curves plotted from all tests, except the rough terrain tests, show that
speed had no effect on any of the reactions. The brake was applied on
the deceleration part of some of these runs but the brake was inadequate
for this system and therefore the data for this phase were inadequate.

On some of the curves negative drag was indicated. This may be explained
by the fact that the top of the dynamometer was slightly aft of its theo-
retically vertical position due to the position of the rig when attached .-
to the tractor. This was reduced later in the test program by changing
the rear axle height of the rig.

Curves plotted from rolling resistance tests on smooth pavement show that
there was a maximum drag load of 0.5% of the vertical load and the maxi-
mum indicated side load was 30% of the vertical. Part of this side load
reading was caused by the dynamometer cross channel influence (see pg.1l2)
and the fact that the wheel position was found to be 4° off the true fore
and aft position,

Efforts to induce shimmy in the tire by "steering" were unsuccessful. All
the runs in this phase were run while steering the tire from 0° to 10° in
each direction and vertical, drag, and drag moment loads increased or de-
creased in unison with the side loads and the steering angle as can be
seen on the plotted curves of these tests, v
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SUBJECT: Rolling Test - High Flotation Tirve REVISED

FACTUAT DATA (continved)

RESULTS OF TEST®

Tabulations were made to show the effect of tire pressure on drag versus
vertical loads and may be found on page 15. Curves were plotted to show
the effect of obstacle hecight and tire pressure on vertical loads during
rough terrain tests, and may be found on pages 16 - 18,

Curves plotted firom camber angle tests show a negative drag load at all
vertical loads, Houever, these loads are very close to the instrumenta-
tion accuracy and can therefore be considered ncgligible. The side load
varied from 257 of vertical load to 707 of vertical load.

Curves plotted from caster angle tests show that drag load car again bLe
considered negligible. During these runs the ratio of side load to verti-
cal load reached a maximum of approximately four times the vertical load.

Variation in verticazl load during an individual run was due to unevenness
of the pavement on the runway on which the tests were made.

DATA:

Data submitted in the Appendix.

RECOMMENDATIONS ¢

It is recommended that if any additional testing is to be done with this
rig the friction in the vertical strut should be reduced in order to per-
mit vertical motion and thereby simulate actual reactions during rough
terrain tests. Ideally, this action should be provided by an "A" frame
parallelogram mounting,

It is further recommended that this type of tire be approved for tests on
aircraft up to its rated load of 1500#, as it completed all phases of this
testing with no difficulty or sipgns of failure,
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SUBJECT: Rolling Test ~ Hich Flotation Tire. REVISED [ ovil 21, 1959
APPERDIX
CONTEATS OF APPENDIX
List of Photographs = = = = = = = = - = = = & 0 e 0 d et fh - - - = 10
Log of Test = =~ ~ = = & = = 0 e = = 0 = = = = - = T §
Dynamometer Cross Channel Response Table = = = = = = = 0 0 0 0 o o o = - 12
Data Sheets
Tabulation of Peak Loads in Obstacle Tests = = = = = = = = = = = = = = 13 & 1
Tabulation of Drag vs Vertical Load at Various Tire Pressures - ~ = - - 15
Graphs
Vertical Load Factor vs True Speed & Obstacle Height at 4 PSI =« -« - - 16
Vertical Load Factor vs True Speed & Obstacle Helght at 12 P5SI - - - - 17
Vertical Load Factor vs True Speed & Obstacle Height at 24 PSI - - - - 18
Time History of Rolling Resistance Test at 3,5 PSI= = « = = = = = = =~ 19
Time History of Rolling Resistance Test at'h PST = = = = = = = o = = = 20
Vertical Load vs Side and Drag Loads at 24 PST = - = - = - - —— - - - 21
Time History of Rolling Resistance Test at 24 PSI- -« - - - - - - - 22
Time History of Steering Test at L PSI & 1000 Lbs. Vertical Iouu S - éj
Time History of Steering Test at L PSI and 1500 Lbs. Vertical Toad - - 2
Time History of Steering Test at 12 PSI and 1000 Lbs, Vertical Load - ~ 25
Time History of Steering Test at 12 PSI and 1500 Lbs. Vertical load - - 26
Time History of Steering Test at 12 PSI and 3000 Lbs, Vertical Load - - 27
Time History of Steering Test at 12 PSI and L4500 Lbs, Vertical Load - = 28
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SUBJECT: - Rolling Test - High Flotation Tire, REVISED
APPENDIX (continued)
ITEM PAGE
Graphs (continued)
Time History of Steering Test at 24 PSI and 1500 Lbs. Vertical Load- - - 29
Time History of Steering Test at 2l PSI and 3000 Lbs. Vertical Load = - - 30
Time History of Steering Test at 2L PSI and 4500 Lbs. Vertical Ioad - - - 31
Time History of Camber Angle Test (25°) at 12 PSI znd 1500 Lbs.
Vertical Load- - - 32
Vertical Load vs Side and Drag Loads at Camber Angle 150 and 12 PSI- -~ - 33
Time History of Camber Angle Test at 12 PSI and 1500 Lbs. Vertical Load - 3l

Vertical Load vs side and drag loads
Time History of Camber Angle Test at
Time History of Camber Angle Test at
Time History of Camber Angle Test at
Time History of Camber Angle Test at
Time History of Camber Angle Test at
Time History of Camber Angle Test at

Time History of Camber Angle Test at

»

at
12
20
20
20
2l
2l
2

12 PSI and 3000 Lbs, Vert. Load- =35
PSI and 3000 Lbs. Vertical Load- -36
PSI and 1500 Lbs, Vertical Load- =37
PSI and 3000 Lbs, Vertical Load- -38
PSI ‘and 4500 Lbs, Vertical Load- -39
PSI and 1500 Lbs. Vertical load- -L0
PSI and 3000 Lbs. Vertical Load- =41 |

PSI and 4500 Lbs, Vertical Load= 2

Time History of Castor Angle Test at 3.5 PSI and 800 Lbs. Vertical Load- =43

Time History of Castor Angle Test at L PSI and 1000 Lbs. Vertical load - =Ll

Vertical Load vs Side & Drag loads at 2l PSI and 1500 Lbs,. Vertical load- L5

Time History of Castor Angle Test at 2Ly PSI and 1500 Lbs., Vertical load- -L46

Photograph = - = = - - - - - e m e e f e e f m e f e d e m e e -
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PAGES

page 10

LIST OF PHOTOGRAPHS:

38911 Condition of tire after steering test,
38948 Test rig and tractor,

38970 Ditch simulating pot hole,

38971 Obstacles simulating ruts and bumps.
390il Control Panel.

39012 Turn Indicator Helipot.

39013 Tire and Strut.

S 1215 l PREPARED BY l"?'?ﬂz LED BY APPROVED BY
DATE
SUBJECT: - 1{()111“0{ TLlit L] lli 'h I"l()t'.xti.ou T'?.I‘C. REVISED
APFLI‘JQ_Q(_
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<91l OF FAIRCHILD ENGINE a AIRPLANE CORPORATION

MODEL }i~2h5 PREPARED BY CHECKED BY APPROVED BY
DATE
SUBJECT: - Rolling Test - High Flotation Tire. REVISED
APPENDIX
10G OF TEST:s

Date

12-22-58 Received test request and folder.

1-13-59 Completed FAMD Drawing TM=-327

1-16-59 Completed test procedure.

1-22-59 Made two smooth pavement runs,

2-2-59 Made two smooth pavement runs. Axle seized tight.,
Discovered damaged spacer on axle. Spacer remcved
and hub relocated with set screws,

2-5-59 Made two smooth pavement runs and 17 runs over obstacles.

2-6-59 Made three runs over obstacles. Axle started to work out
of hub, Added additional set screw with locating hole in
axle.

2-12-59 Made fifteen runs - smooth pavement and obstacle,

2-13-59 Made fourteen runs over obstacles.

2-17-59 Made three runs over obstacles, Truck hit obstacles
on third run - broke obstacles, '

2-19-59 Made one run on smooth pavement at 25° camber angle.
Couldn't raise the tire after run with side of rig.
Reduced angle to 15° for future runs,

2-24-59 Made eight runs at 15° camber angle at 0-LO-0 MPH.

2-25-59 Made ten runs "steering" the tire.

3-2-59 Made thirteen runs over ditch and two runs over 8"
obstacle for film purposes.

3-3-59 Made five runs steering the tire and two runs at 15°
caster angle,

3-9-59 Made two runs on dirt and made three smooth pavement runs

at 159 caster angle.
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MODEL I PREPARED BY CHECKED BY APPROVED BY .
DATE
SUBJECT:- High Flotation Tire - Rolling Tests,. REVISED
+ Z Vertical
Lo
. orque
\&~~///
X Drag
v
H//’
Drag
- ¥ Side
jo=—  Direction of Tire Travel
DYNAMOMETER CROSS CHANNEL RESPONSE

Applied My M, My,

Load Verticall Side Drag (Drag) | (8ide) | (‘Porque)

Vertical 1.0 RFhg/roodf 0 R2T%od o [P2%600r

Side 0 1.0 0 0 0 0

Drag 0 0 1.0 0 0 0

My (Drag) 0 0 0 1.0 0 0

M, (Side) 0 0 0 0 O 0

Mz (Torque) 0 0 0 0 0 1.0

Accuracy of + 704 | * 30 Y 30# | X hoowy T 1000"#

Readings -

were ever noted for this reaction,

# The side moment bridge is so insensitive that no readings

FA-800-23A




STATIC TEST LABORATORY DATA SHEET

FALRCHILD AIRCRAFT DIVISION Page 13
PAGE OF

PROJECT: High Flotation Tire DATE

MODEL: CONDITION: Cranachel st

TEST NO. TESTED BY:

STRESS WITNESS: CUSTOMER INSPECTION:

Peak Loads Occuring at Obstacles
D N T A O I

12192 on L 1500 2100 3800 -ggg -5285 | 28,6
12195 an N 1500 2800 1660 .338 -5285 | Lo.1
122146 on L 3000 |swo |eske 320 L a0 |0
12247 an L 3000 5470 8817 _ié%l -2610 |19.8
12203 28 8 1500 2870 5897 -3236 -5285 |140.1
1220k 2n 12 1500 2200 5292 §$20 7926 |19.6
12206 " 12 1500 3070 5065 | ﬁg -10570 | L3.0
12218 A 12 3000 5200 8392 -gig =2610 (19,1
12219 2" 12 3000 5670 | 9118 -ggg -2610 |39,
12207 2" 12 1500 2270 shh3  |-92h =7925 |19.1
12208 ol 12 1500 3000 627k _2ﬁ§ -13210 | 13,0
12220 2" 12 3000 5670 8921 _gég +2610 |19.8
12201 2" L 1500 2670 5443 _gig +2642 |39.6
12209 22 12 1500 2530 5821 _gﬁﬁ -18L9L [19.1
12210 an 12 1500 1270 LL60 #Qﬁﬁ -15852 | Lh.h
12248 2" 12 3000 3330 5373 | -7kl -18270 | 19.1
12250 2n 12 L500 3070 6338 _{ﬁgg -23490 | 19.1
12249 2 12 3000 2270 5373 _3220 ~23490 | 38.7
12251 " 12 L4500 2600 5857 _Zi§5 -26100 | L0.6
12253 2n 16 1500 270 L68L _i&%; -365L0 | 33.9
1225l an 2l 1500 L93o 105L0 %3 -41760 |19,

FA-800-22




STATIC YEST LABORATORY DATA SHEET Page 1l
FAIRCHILD AtRCRAFT DIVISION"®
PAGE OF
PROJECT: High Flotation Tire DATE
Obstacle Test
MODEL: CONDITION:
TEST NO-. TESTED BY:
STRESS WITKESS: CUSTOMER INSPECTION:
Peak Loads COccuring at Obstacles
Record
No. Obstacle|Tire Vert. Act, Vert, Drag Side Vheel
Height |Pressure|load Lbspyghiicallload loac Homanty| osed
32
12255 2 2l 3000 | 8600 14329 _ghg -L1760 | 20.5
831
12256 2 2h 4500 | 9130 15018 | 1241 -39150 | 21.5
12274 L L 1500 | 1730 4800 -960 1oLLo 20,5
12263 Ly 2l 1500 | LLoo 11573 | ~1980 23490 | 16.0
[ 620
12282 e 12 1500 | 1800 8200 | 1cog 18270 | 20.0
1551
12285 én 2L 1500 | 1930 11939 | 2115 33930 | 19.6
12280 én 12 3000 | 3130 10800 _Zggo 18270 | 20.2
2
12281 6" 12 Looo | 3750 11601 -3390 23490 | 19.6
6
12372 Gy L 1500 | 2130 6067 —ihio 13050 | 27.9
] 620 )
12276 6n 12 1500 | 1800 9067 1681 15660 | 20.2
- . -
12277 6n 12 3000 | 3400 11467 _ijgo 15660 | 19.3
0
12278 6n 12 4000 | 3330 10533 _{ZBO 15660 | 16.6
620
121133 g 3 1200 | 270 3067 | _o5e 10760 | 6.9
B 900
12436 gw 3 1200 330 3000 -1020 5380 11.5
1228 Wtdeep| L 1500 1330 | 800 | 880 18830 | 10.5
12437 L"deep| 12 1500 | 3670 133 _gii 8070 16,0
| 6
12431 8"deep| L 1500 | 1400 933 _Z;g 18830 | 16.0
12432 12"deep UL 1500 | 3670 1067 _{ggg 10760 #
12140 12"deep 24 1500 1530 00 _igg 5380 12.9
12211 12"deep 2 3000 | 2400 1,00 3% 8070 13.2
12hh2 12"deep 2k Lsoo | 3Loo 133 _%28 6L550 | 14.8

FA-800-22




STATIC TEST LAGOHATORY DATA SHELT

» FAIRCHILD ATRCHRAFT DIVISION I"‘l lf)
PAGE OF
PROJECT: High Flotation Tirc -~ Rolling Tests DATE
WODEL: _ M=2L5 conpiTion: Drag versus Vertical Load at Various Tire Press.
TEST HO. TESTED BY:
STRESS WITRESS: CUSTOMER INSPECTION:
gi;gzg Vert. Drag Tire
Ioad Load Pressure
12198 26704 So1# L PSI
12215 S130# 15124 i PSI
12217 SLT0# 1395# L PSI
12204 2200¢ 6394 12 PSI
12218 5200# 1037# | 12 PSI
12250 30704 16864 | 12 PSI
12254 L9304 1512# | 2L PSI
12255 8600# 13664 | 2Ly psT
12256 9130# 12214 2l PSI

NOTEs [THESE READINGS WERE TAKEN A[l THE SAM[T POINT -

JUST BEFORE THE [IRE HIT [HE OBSTACLES DURILIG NOUGH

TERRAIN| TESTS.,

-
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THE DESIGN AND DEVELOPMENT OF LABORATORY MODELS
TO STUDY THE FEASIBILITY OF HIGH-FLOTATION TIRES
FOR AIRCRAFT

by

J. A. Hoess, W, F. Prien, J. H. Beck, C. W, Rodman,
S. A. Gordon, J. E. Voorhees, and R. J. McCrory

During the period from June 27, 1956, through April 22, 1957, a research pro-
gram entitled ""An Analytical Study of High-Flotation Tires for Aircraft" was conducted
at Battelle for the Fairchild Aircraft Division., Battelle's analysis in that research
program indicated the feasibility of using high-flotation tires to dissipate the impact
energy of landing aircraft. To demonstrate the validity of the conclusions drawn in
this analytical program, the Fairchild Aircraft Division requested Battelle to submit a
proposed research program on the construction of the asscciated equipment required
for the mounting and laboratory testing of two high-flotation landing-gear systems. In
response to this request, Battelle submitted a proposed research program, ''The
Design and Development of Laboratory Models to Study the Feasibility of High-Flotation
Tires for Aircraft', dated March 15, 1957. An agreement was concluded between
Battelle and Fairchild for this study. The present report covers the work on this pro-
gram from its initiation on June 1, 1957, to June 1, 1958.

The objectives of the program listed in the proposed research program are:

(1) The development of two full-scale laboratory-model, high-flotation
landing-gear systems meeting the specifications called for in the
feasibility study. The static load ratings of the two units were to
be 750 pounds and 1500 pounds.

(2) The design and construction of the equipment required for the
mounting and laboratory testing of the two units.

(3) Laboratory testing of the high-flotation system components,

During the development of the first high-flotation landing-gear model, laboratory drop
testing of the assembled unit was undertaken to provide insight into the actual operation
of the complete high-flotation system. Because of the successful operation obtained
with the first laboratory model, the design of the second unit was changed to make it
adaptable to aircraft installation for flight evaluation,

This phase report covers the design, development, and testing of a high-flotation
landing-gear system designed to carry a static load of 750 pounds.

BATTEULLE MEMORI AL INSTITUTE




SUMMARY

The high-flotation landing-gear concert embodies two basic objectives: (1) to
provide a low-pressure tire capable of supporting the weight of an aircraft on soft soil
or sand and capable of rolling over ruts and other obstructions without transmitting
large forces to the airframe and (2) to dissipate the kinetic energy of the aircraft due
to its vertical velocity, or sinking speed, by bleeding air out of the tire at the time of
contact with the ground. The ability to dissipate energy would prevent excessive
beouncing and eliminate the need for an oleo strut.

A third design requirement resulted from the large size of the high-flotation
tires — the tires must be folded for retraction after take-off, This requirement and the
necessity for light weight in aircraft components dictated a thin, flexible tire
construction,

The function of energy dissipation required that a large, rapid-acting valve be
designed to bleed a large volume of air out of the tire during the first fraction of a
second after contact with the ground., Because of the speed of valve actuation required,
it was first considered necessary to employ a power-operated valve mechanism. The
use of powered-valve actuation with its associated controls has been discarded because
of its complexity and because it is doubtful whether its response and reliability would
be satisfactory. Valve actuation is being accomplished by a deflection between the tire
hub and the strut under load.

The components of the high-flotation landing gear designed to carry a static load
of 750 pounds have been designed to be extremely flexible for laboratory evaluation,
Each component was tested to determine its characteristics before being assembled
into the complete unit. This component testing proved to be especially valuable in the
valve design, where the sleeve valve first proposed permitted excessive leakage and
was replaced by a redesigned valve before actual testing of the complete landing gear
was begun.

A pressure-sensing device which closes the valve at a given minimum tire pres-
sure regardless of the load on the landing gear and which permits take-offs at elevated
tire pressures without danger of valve actuation has been incorporated into the design,
This function was not called for in the analytical specifications, but is considered to be
necessary for successful operation of the system.

The helical bellows method proved to be the most successful method of tire fold-
ing. To induce the high-flotation tire to fold into a helical bellows, it is necessary to
attach stiffening ribs to the tire and draw a vacuum of 12 inches of water inside the tire,
This causes the tire to twist and collapse axially, forming a helical bellows without any
external actuation other than the differential pressure across the walls of the tire.

A drop-test apparatus was constructed at Battelle to evaluate the dynamic charac-
teristics of the assembled unit, Drop tests with this apparatus were made with various
combinations of initial tire pressure, static load, sinking speed, and valve configu-
ration. The results of these tests were highly satisfactory. The 34-inch-diameter
high-flotation tire with a total load of 780 pounds was successfully tested at sinking
speeds up to 8-1/4 feet per second with a maximum load factor of 3.8. Load factor is
defined as the ratio of instantaneous vertical load to total static weight.

BAVTELLE MEMORIJI AL INSTHITUTE




HIGH-FLOTATION LANDING-GEAR DESIGN

Design Specifications Determined in Analytical Study

The feasibility of using high-flotation landing-gear systems to dissipate the impact
energy of landing aircraft was demonstrated, within the limits of accuracy of the analy-
sis, in Battelle' s research program, ""An Analytical Study of High-Flotation Tires for
Aircraft”, This program resulted in a set of specifications for the operation of the
air-kleeding system and for the geometry and fabrication of the high-flotation tires.
Calculations showed that the orifices of the valves which bleed air from the tires during
the landing impact must be 9, 14, 27, and 42 square inches in 2rea for the 750, 1500,
4000, and 7500-pound static-load tire systems, respectively, The orifices must open
wide in 5 milliseconds or less after the instantaneous load on the tire reaches 1, 35
times the static weight. They must close completely in 25 milliseconds or less after
the instantaneous load falls below 1, 35 times the static weight, The tire diameters
should be 34, 43, 60, and 74 inches for the 750, 1500, 4000, and 7500-pound static-load
tire systems, respectively, and the initial tire pressure should be 17 psig for all four
systems.

Early Design Concepts

To meet these specifications, a design study was conducted on various methods
of load sensing and valve actuation. Most of the early concepts depended upon powered- .
valve actuation, either hydraulic or pneumatic, which was controlled by some type of
independent load sensor such as an accelerometer. One typical system considered for
valve actuation is shown in Figure 1. This system is a pneumatic or hydraulic servo-
mechanism, The valve would be actuated by a power piston controlled by the load
input and by an overriding pressure input which would close the valve when a given
minimum tire pressure was reached. The sequence of operations for this system
would be as follows: '

(1) The load input is moved to the right with increasing load.

(2) A suitable linkage moves the spool valve to the right, and pressurized
fluid enters the chamber on the backside of the power piston,

(3) The power piston moves to the left and opens the valve.

(4) As the valve opens, the spool valve is returned to its original
position, thus halting the pcwer piston. Therefore, a given position
of the load-input rod would result in a given valve position,

(5) When a given minimum pressure is reached, the pressux:e-input rod
is actuated and overrides the load input, The spool valve is thus
moved to the left, allowing pressurized fluid to enter the chamber on
the front side of the power piston,
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{6) The power piston moves to the right, closing the valve. The spring
on the front side of the power piston would close the valve in case of
a failure in the fluid supply system.

Such systems presented many problems. They were fairly complex and required
external power sources for valve actuation. It was also doubtful whether or not their
response and reliability would be satisfactory. Because of these problems, an investi-
gation was carried out to study the feasibility of using directly the force imposed on the
landing gear for valve actuation,

Theoretical Basis for Direct Valve Actuation

A computer study was made of the dynamic response of the wheel-hub assembly
during a landing to determine whether this response was fast enough to be used for
valve actuation. : The following system was considered in this study:

F1=M1g-<-—-——— F2=M2g-<——-.
M, 2 M2
e Y YT VYV e
Hub [ 1 Plane
-
D
Xl“'—_ — XZ .
i *2
X1-<—— qu————————

K] Undeflated tire spring rate, 12,000 1b/ft
K, Load-sensing spring rate, 18,000 lb/ft
M, Tire hub assembly mass, 1.16 slugs
2 Plane mass, 22.1 slugs
D Dashpot rate, 100 lb-sec /ft.
The basic dynamic equations for this system are:
K\ X;+MX) -Ky(X;-X))-D(Xy-X1)=F) = Mg (1)

Ky (X3 - X))+ D(Xy - X))+ MyXy = Fy= Myg . (2)
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Figure 2 is a graph of the dynamic response results obtained for a landing of this
system at a sinking speed of 8.4 ft/scc. In such a landing a relative movement of
3/8 inch between the wheel hub and the fixed strut would occur in about 0. 015 second
after touchdown. The force acting to produce this movement would reach over
900 pounds in that time. These results indicate that it is feasible to use the force and
deflection between the tire hub assembly and the strut for valve actuation.

Design of Components of the 750-Pound Landing-Gear Unit

The high-flotation landing gear designed to carry a static load of 750 pounds was
designed strictly as a laboratory test apparatus. Flexibility and adjustability were
stressed throughout, to permit testing the 750~pound unit at conditions other than those
specifically called for in the analytical study, This has necessarily resulted in a
heavier unit than would be needed for aircraft applications,

Landing-Gear Linkage

Valve actuation in the 750-pound unit is accomplished by means of the deflection
between the tire hub assembly and the strut. To obtain a deflection that would be
sensitive only to the vertical load on the landing gear, it was first considered that a
telescoping section should be provided in the main strut. The use of a telescoping main
strut was discouraged, however, because it was thought that extremely heavy sections
would be required to prevent deflections due to bending forces from detrimentally in-
fluencing the load-sensing function. Therefore, a linkage which would remove the
major bending forces from the load sensor was devised.

Figure 3 is a picture of the landing-gear linkage, A telescoping load sensor is
mounted in parallel with the main strut. The axle housing is connected to the main strut
by means of a horizontal link, and the load sensor is fastened to the main strut by
means of a ball joint which is free to move in a direction parallel to the center line of
the axle. This type of mounting leaves the load sensor free of bending moments which
might be imposed by tire loading, misalignments, or deflections of parts under load.
The only bending moment carried through the load sensor is a small one which is im-
posed when the brakes are applied,

Axle, Axle Housing, and Brake

The air is bled from the tire through a tubular axie. Since the analytical study
called for an orifice area of 9 square inches, it would be necessary to use a tubular
axle with an internal diameter of about 3-3/8 inches. Because of tire geometry con-
siderations, however, it was necessary to use an axle with a 2-11/16-inch internal
diameter, which provides 5.67 square inches of flow area. This reduction in orifice
area has a significant effect on the operating conditions of the high-flotation tire which
was confirmed by the drop-test results.

Roller bearings are mounted in the stationary axle housing, and the axle is
allowed to rotate with the tire, The axle is made of SAE 4135 steel hardened to 35 Re,
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FIGURE 2. DYNAMIC RESPONSE OF WHEEL HUB DURING 8.4 FT/SEC LANDING
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and the housing is an Almag 35 casting. The brake being used is an Auto Specialties
5 x 3-1/4 single-rotor brake which has been adapted to fit this particular installation.

L.oad Sensor

Figure 4 is a schematic sketch of the load-sensing strut which is being used in
the 750-pound static load high-flotation landing-gear system. The unit has a stiff load-
sensing spring mounted in series with a light energy-storage spring and an energy-
absorbing dashpot which are mounted in parallel, Valve actuation is accomplished by
means of a yoke-shaped bell crank which is mounted in the axle housing. A deflection
of the load-sensing spring permits the bell-crank pushrod to move downward. This
movement rotates the bell crank, which produces an axial movement of a ring that is
mounted externally on the axle. This ring is connected to the valve pushrod by pins
that pass through slots in the axle, The load-sensing strut functions in the following
manner:

(1) The vertical load on the landing gear is transmitted from the axle
housing through the load-sensing spring to the piston assembly,

(2) The deflection of the load-sensing spring under load actuates the
yoke-shaped bell crank,

(3) The load between the piston assernbly and the strut is shared by
the energy-~-storage spring and the dashpot.

(4) After the dashpot reaches the end of its travel and bottoms, the
major portion of the load is carried directly from the piston
assembly to the strut. The energy-storage spring, however,
continues to carry its portion of the load.

Since the load-sensing function is performed by the deflection of the load-sensing
spring, this spring is the only component of the present load-sensing strut that is
actually necessary for valve actuation, The energy-storage spring and the dashpot or
""oleo'' have been incorporated into the design, however, to obtain additional information
as to how the high-flotation landing gear will function when installed in series with
other forms of energy-storage or absorption devices., The first phase of the testing
program was conducted with the energy-storage spring and the dashpot locked out of
the system so that the energy dissipation characteristics of the high-flotation tire could
be established, Tests are presently being conducted with the energy-storage spring
and the dashpot installed, to determine their effect on the characteristics of the system.

Sleeve Valve

After an extensive investigation of possible valve configurations, it was decided
that a sleeve valve would offer many advantages over other types of valves for bleeding
air from the tire. It would not be loaded by the air pressure in the tire, and a small
linear movement would permit several rows of ports to be opened, providing the
characteristic of large valve area versus valve travel. By contouring the ports in the
sleeves, it would be possible to experiment with various valve-area versus valve-stroke
relationships.
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The sleeve valve was designed to be internally mounted in the axle, " Figure 5 is
a photograph of the disassembled valve and a dummy axle. To prevent binding of the
valve with axle deflections, the outer sleeve is flexibly supported by O-rings on the
inside of the axle and, therefore, is not constrained to deflect with the axle. The inner
sleeve is free to move axially in the flexibly supported outer sleeve. An analysis of
the perforated cantilever axle showed that no prohibitive deflections should be
encouritered.

The total valve stroke from full open to full closed is 3/4 inch. After reaching
the full-closed position, however, the valve is allowed to travel another 1/4 inch to
aid in sealing. Thirty-four shaped ports are located in a double helix pattern on the
sleeves, They have a total valve area of 6,7 square inches and the internal cross-
sectional area of the internal sleeve is 4.4 square inches. The ports are so shaped that
30 per cent of the total valve area is exposed in the first 0.45 inch of valve travel, As
the valve area then begins to increase much faster, the remaining 70 per cent of the
valve area is exposed in the last 0,30 inch of valve travel,

Valve-Test Apparatus

To determine the characteristics of this sleeve valve, a laboratory test setup was
constructed to measure the bleed-down rates of the valve as a function of port configu-
ration, port area, and initial tire pressure. A 6.9 cubic foot tank, which has the same
volume as the undeflected 34-inch-diameter tire, was used to simulate the tire. A
dummy axle containing the sleeve valve was installed in the cover plate of the tank,
Because of the high flow rates, steady static flow was not maintained, Instead,
pressure-versus-time records were obtained while the air in the tank blew down
through the sleeve valve,

Sleeve-Valve Characteristics

Table 1 shows the times required to bleed the test tank from 17 to 2 psig at
various degrees of valve opening and closure. These results show that leakage is a
major problem with the sleeve valve. It requires only 6 seconds to bleed the tank from
17 to 2 psig when the valve is in the closed position and only 11 seconds when the
leakage path is increased by moving the valve 1/4 inch beyond the closed position. To
reduce this high leakage rate, it would be necessary to hold extremely close tolerances
on the sleeves and to make use of various coating techniques on the sealing surfaces,

It was apparent, however, that even with extreme care in sleeve manufacture, the
leakage rate would be excessive, '

Redesigned Valve

To replace the original sleeve valve, a new valve configuration was conceived
which is positively sealed in the closed position without the necessity of holding ex-
tremely close tolerances or using special valve-surface treatments. Figure 6 is a
photograph of the disassembled valve and a dummy axle. Valve operation is as follows:

(1) Air passes from the tire to the axle through 8 large ports.
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BLEED-DOWN RATES OF TIRE VALVES

Fraction of Full Valve
Area(a), per cent

r'raction of Total
Valve Stroke,
per cent

Time Required to Bleed
6.9 Ft3 Tank From 17
to 2 Psi, seconds

100
67
33

100
67
33

Original Sleeve Valve

100
83
62
O .
-1/4-inch movement beyond
port closure

Present Valve Configuration

100
67
33

0

0.25
0.30
0.45
6.00
11.00

0. 25
0.28
6.40

(a) Total valve areas for original and present valves are 5.7 and 10. 8 square inches, respectively. Axle areas for original and
and present configuration are 4.4 and 5. 7 square inches, respectively.
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(2) An axle end plate, which is contoured to turn the air in a radial
direction is mounted on the outboard tire flange.

(3) A replaceable programmed valve port cylinder is mounted between
the axle end plate and the ou:board tire flange.

(4) Valve area is controlled by an outboard sleeve which is mounted on
the outside of the programmed valve port cylinder and which is
sealed in the closed position by one reciprocating and one face-seal
O-ring.

(5) The external sleeve is moved axially to uncover the valve ports by
a pushrod which passes through the center of the axle end plate and
which is sealed by a reciprocating O-ring. The pushrod is joined
to the external sleeve by a light disk which is exposed to atmos-
pheric pressure on both sides to prevent pressure loading of the
valve,

(6) The valve is spring loaded in the closed position,

The eight axle ports have a total area of 8. 0 square inches. Since the sleeve
valve was removed trom the inside of the axle, the effective internal axle area was
increased from 4.4 to 5,7 square inches. The valve stroke from full open to full closed
remained at 3/4 of an inch and the maximum valve area, without programming, is
10. 8 square inches. A spring which applies a force of 60 pounds in the full-open pc -
sition and 55 pounds in the closed position is used to close the valve and to hold it
tightly against the face seal.

Redesigned Valve Characteristics

The bleed-down times for this valve are also shown in Table 1. They compare
favorably with those of the original sleeve valve even though the air is required to
mushroom out at a 90-degree angle at the end of the axle, The air-turning resistance
has been compensated for by using larger port and axle areas in the new design. When
the valve is in the full-open position, it requires 0. 25 second to bleed the tire from
17 psig to 2 psig. No measurable leakage was encountered when the valve was in the
closed position. During recent test runs, the valve has been closing from the full-open
to the full-closed position in approximately 13 milliseconds,

Pressure Sensor

A feature that was not called for in the analytical study specifications, but which
is believed to be essential for satisfactory tire performance, is an overriding pressure
control, Such a pressure control would have two main purposes. The first would be to
insure a given minimum tire pressure by closing the valve whenever this minimum
pressure is reached regardless of the load on the landing gear. The second purpose
would be to permit reinflation of the tire to some maximum take-off pressure without
danger of actuating the valve during take-off,
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A pressure-sensing unit has been built within the axle of the high-flotation landing
gear to accomplish both of the pressure-control functions. The present pressure
sensor is designed to close the valve at a minimum tire pressure of 2 psig during a
landing and to permit the tire to be reinflated to 11 psig for take-off without danger of
valve actuation. It controls valve actuation by means of a spacer block which is located
between two sections of the valve pushrod. When the spacer block is located between
the two sections of valve pushrod, the resulting assembly has sufficient length to
actuate the valve, but when the spacer block is removed from between the two sections,
the resulting assembly does not have sufficient length to actuate the valve.

The method by which the spacer block is engaged and disengaged from the valve
pushrod is shown in Figure 7. Operation of the unit is as follows:

(1) The spacer block is guided by slots which are cut into a U-block,
and is capable of moving axially with the valve pushrod assembly
inside the axle.

(2) The U-block is mounted on guide pins and is free to move transversely
with respect to the axle.

(3) The U-block is spring loaded to hold it in a position which will dis-
engage the spacer block from the valve pushrod assembly.

(4) Cam straps, which are mounted between rollers on the U-block and
balance rollers, move axially and control the transverse position of
the U-block.

(5) The position of the cam straps is controlled by a piston which is
loaded by tire pressure on one side and atmospheric pressure and a
preset spring on the other side,

{(6) When the tire pressure force on the piston is sufficient to overcome
the piston spring force and the axial component of the force imposed
on the cam straps by the U-block springs, the piston will move to
the right thus moving the U-block down, and with it moving the spacer
block to the engaged position.

(7) In the engaged position, the rollers on the U-block are seated on the
horizontal section of the cam surface, and the U-block springs no
longer impose an axial torce on the cam straps,

(8) When the tire pressure force on the piston drops below the piston
spring force, the piston moves to the left and allows the disengaging
springs to lift the U-block and the spacer block to the disengaged
position.
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Pressure-Sensor Bench Testing
and Characteristics

The pressure-sensing unit was extensively bench tested to determine its operating
characteristics and reliability. It proved to be highly reliable under both static and
dynamic conditions. The first series of t:sts were run under dynamic tire bleed-down
conditions and static vibration conditions. These tests were conducted with the
pressure-sensing unit connected to the valve test tank. Figure 8 is a picture of the
test setup. Operation of the pressure-sensing unit was tested for all valve openings
and pressure blow~down rates. The pressure at which the piston in the pressure-
sensing unit began to move and the pressure at which the valve began to close were
recorded. The pressure at which the piston began to move was extremely consistent.
It remained between 2.75 and 3.0 psig at all blow-down rates. By the time the valve
had started to close, the pressure had dropped to 2. 2 psig for tests with full-valve
opening, and to 2.4 psig for tests with the valve 1/3 open. Final tire pressure is de-
pendent on the time required for valve closure. The engaging pressure during these
tests varied from 11-1/2 to 12-1/2 psig.

To determine the effect of vibration on the sensitivity of the pressure-sensing
unit, it was mounted on a M. B. Manufacturing Company Model C-3 vibrator table and
allowed to bleed down from maximum tire pressure. Table 2 shows the effect of
vibration loading on the pressure-sensor actuation pressure. The vibration loading
was applied both axially and transversely. There was no appreciable change in the
actuation pressure of the pressure-sensing unit when it was subjected to the various
combinations of transverse loading, but axial vibrations did affect the actuation pres-
sures slightly. An increase of 0,34 psig in actuation pressure was noted when an axial
loading of 5 G' s peak to peak at a frequency of 20 cps was applied to the pressure-
sensing unit, Because of the low pressure of 2 to 3 psig, which would prevail during
operation of the pressure sensor, it is doubtful that the soft tire will transmit axial
loadings greater than those used in these tests.

TABLE 2. EFFECT OF VIBRATION ON PRESSURE-SENSOR
ACTUATION PRESSURE

Acceleration Peak Frequency, Actuation Pressure,
to Peak, G's cps psig

Excitation Perpendicular to Axle Center Line

0 0 3.09
10 20 3.00
10 100 3.00

Excitation Parallel to Axle Center Line

0 0 3.09
5 20 3.43
5 100 3.28
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Rotary Seal

The air passage from the inflation-deflation systein to the tire requires the use
of two rotary seals between the rotary axle and the stationary axle housing. Because
of space limitations, simplicity, and ease of application, large rotary O-ring seals are
used. The rotary O-ring seals, which have a 1/l6-inch-diameter cross section and a
90 durometer hardness, were installed according to the manufacturer's specifications,
Before being incorporated into the design, however, they were laboratory tested under
dynamic conditions,

During these tests two O-rings were mounted in a large stationary cylinder which
represented the housing., A dummy axle, which was polished to 6 microinches rms,
passed through the stationary cylinder and was rotated at speeds up to 1000 rpm. The
section of the stationary cylinder between the two rotary O-rings was pressurized to
17 psig during the tests. To obtain satisfactory operation of the O-ring seals, it was
found necessary to lubricate them with greases, such as Lubriplate No. 630AA, which
are capable of operating at moderately elevated temperatures. Twenty 2-minute runs
at an axle speed of 1000 rpm were completed with zero air leakage., The seals were
allowed to cool between test runs, To reduce friction further and to decrease wear,
the section of the axle in contact with the rotary seals has been chromium plated and
polished to a 6-microinch rms finish,

Tire-Folding Provisions

Deflation and folding of the high-flotation tires after take-off are necessary that
they will not require excessive space when they are retracted into the plane. Efforts
to find the most satisfactory method of tire folding showed that the helical bellows
method, which was recommended in the analytical study, offered the most promise.
Early efforts to fold the tire into a helical bellows employed a mechanically applied
torque, but the undistorted tire possesses extremely high torsional rigidity, and me-
chanical means of folding the tire would require excessively heavy equipment. It was
found, however, that by drawing a vacuum in the tire, it could be induced to fold itself
into a helical bellows,

Tire Modifications

Simply pulling a vacuum on the present tire geometry does not result in an
acceptable folded tire package. Stiffening ribs must be applied to the tire to induce it
to fold into a uniform symmetrical package. It is also necessary to start the tire folds
mechanically at points midway between two adjoining ribs. Tests were conducted to
determine the most satisfactory stiffening-rib pattern and to determine the necessary
construction specifications to make a tire self-folding when a vacuum is drawn in it,

During the testing program, the stiffening ribs were cemented on the outer
surface of a conventional 34-inch-diameter tire. Half-inch square, 50 durometer
rubber strips were used as stiffening ribs, but they were not stiff enough to provide
satisfactory tire folding. '"B' size V-belts were used and produced satisfactory re-~
sults. Experiments were carried out with variations in the stiffening-rib lead angle,
the number of tire folds, and the distance between tire flanges. The helical stiffening
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ribs were tested with lead angles of 0, 35, and 45 degrees. The most satisfactory re-
sults were obtained with a lead angle of 35 degrees. Six, seven, eight, ten, and
fourteen stiffening ribs were uscd to determine the most desirable number of tire folds,
With 10 and 14 ribs, it was found that the tire section between two adjoining ribs was
too stiff to permit unif>rm creasing. The tire creased satisfactorily with eight ribs,
although not quite so easily as with six or seven. Eight ribs permitted a slightly
smaller final diameter than six or seven, however, and it was decided that this was

the best number of ribs for this particular tire.

A more uniform outer diameter of the folded tire can be maintained by mounting
circular stiffening ribs of a given diameter concentric with the axle on the side walls
of the tire. The diameter of these stiffening ribs determines the final diameter of the
folded tire. Tests indicate that the minimum diameter that can be successfully used
for the side wall stiffening ribs in the 34-inch tire is 20 inches. The most satisfactory
stiffening-rib configuration, therefore, consists of two circular ribs of 20-inch-diam-
eter concentric with the axle and mounted on either side of the tire, and eight equally
spaced helical ribs having a 35-degree lead angle. These ribs extend between the two
circular side wall ribs. All ribs must be at least as stiff as a ""B''-type V-belt. Itis
believed that such ribs could be molded into the tire during tire fabrication., Figure 9
shows pictures of the 34-inch-diameter tire in both the unfolded and folded conditions.

To start the creasing mechanically between the stiffening ribs, elastic cords
were fastened to the interior of the tire midway between adjacent ribs. These cords
were, in turn, fastened to a circular elastic cord, which was concentric with the axle,
and thus provided a slight inward pull (4 pounds) on the section of the tire between the
ribs. The elastic cords do not begin the creasing action until the tire pressure drops
below 8 inches of water. It requires about 3 inches of water vacuum to start the folding
action substantially and 12 inches of water vacuum to hold the tire in the completely
folded position.

The tire-folding test axle was designed to hold the tire hubs out at their oper-
ational position until after the tire has been creased and one hub has started to rotate
in relation to the other. By maintaining this distance between hubs, the initial tire
creasing is substantially aided. After 10 degrees of rotation, the tire hubs are frecd
to move axially toward one another to further reduce the size of the folded tire. Total
hub rotation during tire folding is about 90 degrees.

Tire-Flange Locking Mechanism

A positive lock on the inboard tire flange, which is allowed to move axially during
the folding operation, is required to hold this flange in its operational position during a
landing. Without such a locking mechanism, side loadings might unseat the flange
during a landing with disastrous results. To accomplish this requirement, a method
was devised to obtain positive locking of the inboard tire flange in its operational po-
sition during landings, but which will permit unlocking of the tire flange from the axle
without any external actuation during the folding operation. This system, shown
schematically in Figure 10, employs a pneumatic tube, inflated by tire pressure, to
hold latches carried on the inboard tire flange in engagement with the axle, When the
aivr pressure in the tire drops below a given value, the latches are disengaged by light
springs and the tire is perrnitted to fold. The latches in the mechanism begin to dis-
engrage at 1-1/2 pesig and are fully disengaged at 1/2 psig.
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FIGURE 10. SCHEMATIC DRAWING OF TIRE-FLANGE
LOCKING MECHANISM

Inflation-Deflation System

The use of the high-flotation tire necessitates an air-borne inflation-deflation
system, This system must be capable of inflating the tire to its maximum initial in-
flation pressure (17 psig), making up for any possible tire leakage, and drawing a
vacuum of 12 inches of water for tire folding, Fairly high capacity will be required to
inflate and deflate the tire in short periods of time. The air-supply system used in the
testing program is not designed for aircraft application. It is designed, however, to
provide a minimum time for tire inflation. To inflate the tire, a solenoid valve, which
is mounted between the tire and a large shop air line at 85 psig, is actuated for a given
time interval. This time interval is sufficient to insure that the tire will reach, or
slightly exceed, the desired initial tire pressure. In the event that the tire is slightly
overinflated, it is bled down to the desired pressure. An adjustable pressure regulator
is mounted in parallel with the timed solenoid valve. This regulator can be set to any
desired pressure and furnishes air to replace losses due to any small amount of leak-
apge. Tire deflation is accomplished by actuating a valve which connects the tire to a
vacuum pump.
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LANDING-GEAR DROP-TEST PROGRAM

Laboratory Drop-Test Apparatus

Component testing alone could not provide sufficient information to predict the
operaticn of the complete high-flotation landing-gear system. Therefore, a drop-test
apparatus was constructed at Battelle to perform preliminary tests on the assembled
ianding gear and to facilitate the acquisition of information on the necessary conditions
for successful tire operation. During these preliminary tests, it was convenient to
utilize the adjustability of the various components of the laboratory model high-flotation
landing gear.

Drop-Tester Design

Figure 11 is a picture of the Battelle drop-test apparatus. It consists of a large
four-bar linkage with a stationary vertical framework serving as one of the links, Two
parallel arms are pinned to this frame one above the other., They guide the fourth link
which is maintained in a vertical position, The distance between the pivot locations on
the arms is 16 feet. To give the unit lateral stability, the arms are each constructed
of two aluminum tubes which are spread 10 feet apart at the pivot location on the
stationary frame. The high-flotation landing gear is mounted on the guided vertical
link; in the remainder of this report this link will be referred to as the landing-gear
carriage.

Landings can be made at any desired sinking speed by lifting the carriage to
various heights with a crane and then dropping it. Since the guide arms cause the
carriage to travel in an arc, the unit is designed to have the guide arms located in a
horizontal position when the tire strikes the landing pad. This reduces to a minimum
the effect of the circular path followed by the carriage,

The carriage has provisions for the attachment of additional weights, This makes
it possible to carry out drop tests at various static loads. An emergency energy-
absorption system is also provided for, in the event that the high-flotation tire fails to
stop the vertical descent of the unit in the allowable tire deflection, The carriage has
two outriggers mounted on either side of the high-flotation landing gear. These out-
riggers have pads on the bottom which strike piles of mounded sand when excessive tire
deflections are encountered. Without this emergency stop serious damage could be
done to the landing gear in the event of a blow-out or other serious malfunction. No
such malfunction has yet occurred in the drop-testing program.

Drop-Tester Instrumentation

Evaluation of the landing-gear drop tests requires accurate knowledge of several
important parameters, These parameters are:

(1) Tire deflection

(2) Acceleration
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{(3) Tire air pressure
{4) Valve position
(5) Sinking speed
(6) Time base.

A Censolidated 5-114 recording oscillograph was chosen to obtain the required infor-
mation because of its excellent speed and sensitivity characteristics as well as on the
basis of availability and adaptability, 1t is a high-speed, photographic, 18-channel
recorder. Timing mark generation, autornatic record numbering, and trace identifi-
cation are self-contained features. A wide range of recording speeds and interchange-
able galvanometers provide flexibility for special recording applications., A chart
drive speed of 28. 8 inches per second was selected for the landing-gear tests.

Because the travel of the landing-gear carriage is several times greater than the
range of displacement transducers currently available, a lever system is used to scale
down the carriage motion. This lever system consists of two links, one of which is
pinned to the landing pad and the other of which is pinned to the carriage. The two
links are then pinned together to form a scissors. The carriage displacement can be
scaled down to any desired degree by mounting the pickup between the two links at
various distances from the common pivot point. This scaled-down motion drives the
slider of a linear potentiometer connected in a d-c bridge circuit to produce a signal
proportional to carriage position,

Vertical acceleration forces encountered by the carriage are monitored by an
accelerometer fastened to the carriage frame over the tire. Air pressure in the tire
is measured by means of a variable-resistance pressure transducer. This pressure
pickup is mounted inside the tire. Atmospheric reference pressure and lead wires
pass through a tube which replaces one of the tire-flange retaining bolts. To provide
an indication of valve position on the recording, a linear variable differential trans-
former (LVDT) is used to monitor the position of the valve. The recorder automatically
provides a time base by marking the recording every one-hundredth second, Sinking
speed is obtained by integrating the acceleration-time curve on the recording. Table 3
lists all the instrumentation equipment used along with information as to range, re-
sponse, and sensitivity,

Drop-Test Conditions

Extensive drop testing of the assembled unit was carried out using the Battelle
facility. During these tests the static load, initial tire pressure, sinking speed, and
valve area were varied to determine their effects on the landing opzsration, Drop tests
were carried out with static loads of 780 and 990 pounds, Sinking speeds ranging from
2-1/2 to 8-1/4 ft/sec were used in the 780-pound static load tests, and from 2-1/2 to
7-3/8 ft/sec in the 990-pound static load tests. Initial tire pressures were varied from
8 to 17 psig, and three different valve configurations were used, Valves A and B are
similar in that they both have directly proportional valve area versus valve stroke
characteristics. Valve A, however, has a larger magnitude of total area than Valve B.
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Valve C is programmed so that the rate of valve-area opening is low during the first
part, but high during the lasi part of the valve stroke. All three valves began to open
when the load factor reached 0. 75 and were full open when the load factor reached 1,5
for a static load of 780 pounds. A. description of the three valves is as follows:

A. The area of Valve A increases at the rate of 14.4 in, 2/inch stroke
and for a 3/4-inch stroke has a total area of 10,8 square inches,

B. The area of Valve B increases at the rate of 8.7 in. 2/inch stroke
and for a 3/4-inch stroke has a tctal area of 6.5 square inches.

C. The area of Valve C increases at the rate of 5.8 in, 2/inch stroke for
the first 5/16 inch of valve stroke and at the rate of 14.4 in. 2/inch
stroke for the last 7/16 inch of valve stroke. The total area for a
3/4-inch stroke is 8,1 square inches,

Drop-Test Results

The first drop tests were made with the recommended initial tire pressure of
17 psig. The results of these tests were not satisfactory and indicated that the bleeding
of air from the tire was not taking place fast enough to prevent the load factor from
becoming excessive. With Valve A, the maximum load factor for a static load of
780 pounds and a sinking speed of 6-1/4 ft/sec reached 3.75. The impulse encountered
during these early landings was so large that the tire often bounced back into the air,

Effect of Initial Tire Pressure
on Maximum Load Factor

In an effort to reduce the magnitude of the maximum load factor and impulse,
lower initial tire pressures were used, Figure 12 shows a graph of maximum load
factors versus iuaitial tire pressure obtained with Valve A for various combinations of
sinking speed and static load. These results show that at the higher sinking speeds the
maximum load factor was substantially reduced by employing lower initial tire pres-
sures, In the case of the landing with a 780-pound static load and a sinking speed of
6-1/4 ft/sec, the maximum load factor was reduced from 3,75 to 2. 80 when the initial
tire pressure was reduced from 17 to 8 psig. The tire did not bounce in the 8-psig
landing, and very little oscillation was observed in the system, A practical minimum
pressure, in this case 8 psig, was reached, however, below which successful higher
sinking speed landings were not possible because the tire was no longer capable of
supplying a large enough impulse to stop the descent of the plane in the available tire
deflection.

At the lower sinking speeds initial tire pressure had little effect on the maximum
load factor because there was much more time available to bleed air from the tire., The
graph shows that, for landings at a sinking speed of 2-1/2 ft/sec and a static load of
780 pounds, the maximum load factor remained fairly constant at 1,75. The maximum
load factor for low-sinking-speed landings with a static load of 990 pounds was slightly
reduced by a reduction in the initial tire pressure, By reducing the initial tire pressure
from 17 to 11 psig in the landings made with Valve A at a sinking speed of 2-1/2 ft/sec
and a static load of 990 pounds, the maximum load factor was reduced from 1,7 to 1. 45,
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At any given initial tire pressure and sinking speed, the maximum load factor
was less for the 990-pound static load than for the 780-pound static load landings. This
was to be expected, since for any given load factor the 990-pound static load requires
a higher force (and thus a larger tire deflection for any given tire pressure) than the
780-pound static load. This larger required tire deflection allows the tire more time
to bleed down and thus reduces the raaximum lead factor,

Effect of Valve Area and Programming
on Maximum Load Factor

Table 4 shows the effect of valve area and programming on the maximum load
factor. The maximum load factor under any given conditions of static load, initial tire
pressure, and sinking speed was slightly less for tests conducted with Valve A than
for those conducted with Valve B. This difference varied from around 0. 05 to 0. 30 for
sinking speeds of 2-1/2 and 7-3/8 ft/sec, respectively, in the 780-pound static-load
tests. It was even smaller in the 990-pound static load tests varying from 0 in some
cases to a maximum of 0, 20 at an initial tire pressure of 11 psig and a sinking speed of
6-1/4 ft/sec. Since Valve A has a total area of 10. 8 square inches and Valve B has a
total area of only 6.5 square inches, it would seem that the difference in maximun load
factors obtained with the two valves should have been larger than those which were re-
corded., The fact that the maximum load factor reached when using Valve B is only
slightly larger than that reached when using Valve A indicates that the main limiting
restriction to air flow from the tire is the internal axle area of 5.7 square inches,
which is identical for both valves,

Programming of the valve area, as was done in Valve C, to have a slow rate of
area increase during the first part and a fast rate of area increase during the last part
of the valve stroke had a beneficial effect on the maximum load factor for tests with the
780-pound static load at low initial tire pressures and/or low sinking speeds, For
780-pound static load tests with an initial tire pressure of 17 psig, the maximum load
factor obtained with Valve C was not lower than that obtained with Valve A at any sinking
speed, but when the initial tire pressure was reduced to 9 psig the maximum load factor
obtained with Valve C was less than that obtained with Valve A at sinking speeds up to
6-1/4 ft/sec. It is believed that this beneficial effect could be extended to the higher
initial tire pressures and sinking speeds if the available axle area were larger,

At present the valve immediately opens to the full-open position for all tests at
high initial pressure and/or high sinking speeds. Programming at these conditions has
little effect since it merely reduces the amount of total valve area that could be exposed
in the full-open position, At the lower initial tire pressures and /or sinking speeds,
programming improves the tire performance because the valve is operating in the pro-
grammed portion of the stroke and can more closely regulate the flow of air from the
tire,

The maximum load factor of landings conducted with a static load of 990 pounds
did not vary substantially between tests made with Valves A and C, One reason for
this is that it requires a larger change in force to result in a given change in load factor
for landings made at higher static loads, Another reason is that in the 990~pound
static-load tests the valve began to open at a load factor of 0,60 and was full open at a
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TABLE 4. EFFECT OF VALVE AREA AND PROGRAMMING
ON MAXIMUM LOAD FACTOR

Initial Tire Pressure, Aircraft Sinking Speed, Maximum Load Factor
psig ft /sec Valve A Valve B Valve C
Static Load of 780 Pounds
17 2-1/2 1.75 1,80 1,75
4-3/4 3.05 3.15 3.10
6-1/4 3.75 3.95 3.85
11 2-1/2 1,75 1.80 1.65
6-1/4 3.30 3.40 3.15
7-3/8 3.50 3.80 3.70
9 2-1/2 1.75 1,80 1,65
6-1/4 3.10 3.20 2.85
7-3/8 3.40 3.70 3.40
Static Load of 990 Pour =3
17 2-1/2 1,70 1.70 1.75
4-3/4 2.65 2.75 2.75
6-1/4 3.35 3.35 3.35
11 2-1/2 1,45 1.60 1.50
4-3/4 2.15 2.30 2.15
6-1/4 2.60 2, 80 2.70
Constant axle area of 5,7 in, 2, total valve stroke = 3/4 in,
14, 4 in, 2
Valve A - Valve area increases atrate of —=22 - __
inch valve stroke
2
Valve B - Valve area increases at rate of _Galin,,
{nch valve stroke
. 5,8 in.2
Valve C - Valve area increases at rate of N
inch valve stroke
14,4 in, 2
For first 5/16 inch of valve stroke and ———————— for last 7/16 inch of valve stroke.
inch valve stroke
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load factor of 1.15. This reduced the time in which the valve was operati;lg in the
programmed portion of the stroke. Therefore, the maximum load factors of the landings
made with the 990-pound static load were not so significantly affected by valve pro-
gramming as those made with a 780-pound static load.

Optimum Operating Conditions and Range of Sinking Speeds

The highest sinking speed at which the unit was operated was 8-1/4 ft/sec. This
sinking speed was attained in a series of drop tests that were made with a static load of
780 pounds, an initial tire pressure of 8 psig, and Valve A. Landings at all sinking
speeds from 2-1/2 ft/sec to 8-1/4 ft/sec were successful under these conditions,
Figures 13, 14, and 15 show the landing dynamic characteristics of the 34-inch-
diameter high-flotation tire for these landings at sinking speeds of 2-1/2, 6-1/4, and
8-1/4 ft/sec, respectively. Figure 15 shows that the maximum load factor for the
8-1/4 ft/sec landing was 3.8, which is below the allowable design maximum of 4.0,
The oscillation of the tire after valve operation, which is dependent on the energy re-
maining in the systermn, varied from around l inch peak-to-peak at the low sinking
speeds to around 2 inches peak~to-peak at the higher sinking speeds.

Slightly higher initial tire pressure was required to give the best performance
with the 990-pound static load. With an initial tire pressure of 10 psig, a static load
of 990 pounds, and Valve A, the maximum load factor varied from 1.4 at a sinking
speed of 2-1/2 ft/sec to 3.0 at a sinking speed of 7-3/8 ft/sec. The tire oscillation
after these tests was around 1l inch peak-to-peak at all sinking speeds from 2-1/2 to
7-3/8 ft/sec.

Energy-Dissipation Capability of the High-Flotation Tire

Drop tests were made under identical conditions with and without valve actuation
so that it would be possible to compare the tv.o and determine the effectiveness of the
high-flotation tire's energy dissipation capabilitics. Figure 16 shows the dynamic
characteristics of the 34-inch-diameter tire for a landing with a static load of
990 pounds, Valve A, an initial tire pressure of 10 psig, «nd a sinking speed of
7-3/8 ft/sec, but without valve actuation. Figure 17 shows the dynamic characteristics
of a landing under the same conditions except that the valve is actuated.

By actuating the valve and bleecding air from the high-flotation tire, the maximum
load factor was reduced from 4,55 in the landing with no valve actuation to 3, 00, ‘The
landing made without valve actuation was unsuccessful: the tire bounced completely off
the landing pad to a point just slightly below its original drop position. Almost zero
energy was dissipated during the landing operation. The opposite was true, however,
in the landing made with valve actuation, Almost all of the impact energy was dissi-
pated by bleeding air from the high-flotation tire. It did not bounce, and only a l-inch
peak-to-peak oscillation remained in the system after valve actuation,
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FIGURE 18, THIRTY-FOUR-INCH HIGH-FLOTATION TIFE INFLATED TO 2 PSIG AND SUPPORTING LOAD OF
750 POUNDS, SHOWING CREASING OF SIDEWALL OF TIRE AT EXTREMELY LOW PRESSURES
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Final Tire Pressure

The final tire pressure achieved duriag the testing program ranged from 2 to
3 psig. It was evident, however, that the present 34-inch-diameter high-flotation tire
would probably have difficulty in operating at the design final tire pressure of 2 psig
when it is carrying a static load of 750 pounds.. Under these-conditions the tire is
significantly creased near the region in contact with the ground. Figure 18 is a picture
of the 34-inch-diameter high-flotation tire with a static load of 750 pounds and a pres-
sure of 2 psig. The clearly observable folds in the tire would undoubtedly cause ex-
cessive heating of the tire during ground operation. To avoid these tire creases it is
necessary to inflate the tire to around 3-1/4 psig. If the 34-inch-diameter high-
flotation tire is to operate successfully with a static load of 750 pounds, it may be
necessary to either limit the final tire pressure to 3-1/4 psig or to reinflate the tire
to this pressure immediately after touchdown.

CONCLUSIONS

The conclusions that can be drawn from the test results are:

(1) A deflection between the tire hub and the strut can be used for direct,
mechanical valve actuation.

(2) It is possible to fold the 34-inch-diameter high-flotation tire into a
helical bellows by mounting stiffening ribs on it and drawing a vacuum
of 12 inches of water in it,

(3) The high-flotation landing-gear system is capable of successfully
dissipating the landing impact energy of aircraft under laboratory
.drop-test conditions.

(4) The present 34-inch-diameter tire unit functions with load factors
less than four at sinking speeds as high as 8-1/4 ft/sec with an
initial tire pressure of 8 psig, a static load of 780 pounds, and
Valve A. This maximum sinking speed could be increased slightly
by increasing the axle area available for air flow.

FUTURE WORK

In the immediate future it is planned to carry out more extensive testing of the
present 750-pound unit. These tests shall be conducted with the dashpot operating in
the system to determine its effect on the high-flotation tire's characteristics, Tests
will also be conducted at static loads lighter than 780 pounds,
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On April 11, 1958, Battelle recommended to Fairchild an expansion of the
present research program. This expanded program specifies that Battelle shall de-
sign, supervise construction, and perform labrratory tests on a pair of high-flotation
landing gears designed to carry a static load of 1500 pounds. These units shall be used
for flight testing of the high-flotation tire system'on an L-19 aircraft., The laboratory
testing of both the 750-pound laboratory model unit and the pair of 1500-pound flight
test units shall include drop testing with spinup before drop to an-equivalent'of 75 knots.:
The design of the flight test 1500-pound pair of gears shall include the necessary struts
for suitable attachment to an L-19 type aircraft. An inflation-deflation system shall be
designed including all valves, controls, and mechanisms necessary for air-borne
inflation-deflation and tire folding. The expanded program also calls for the design of
the necessary brackets to mount the 1500-pound gears on the N.A.C.A. drop tester at
Langley Field, Virginia, and a mechanism to extend the flight test system into the slip
stream from the lowered ramp of a C-123 type aircraft while in flight to evaluate tire
folding in a high-velocity air stream.

The design of the 1500~-pound landing-gear system is now in progress. A number
of weight-saving innovations have been devised and are being incorporated into the
design. A wing-lift device for the Battelle drop tester shall also be designed in addition

to the various apparatus called-for in the expanded research program.::

A record of all technical-work performed on this project appears in Laboratory
Record Books 13510, 13511, and 14103,

JAH:WFP:JHB:CWR:SAG:JEV:RJM /bjw
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THE DESIGN'AND DEVELOPMENT OF LABORATORY AND FLIGHT~
TEST MODELS OF LANDING GEAR FOR AIRCRAFT TO BE ~
OPERATED FROM ROUGH UNPREPARED FIELDS

by

W, F, Prien, R, D, Fannon, J, H, Beck, C, W, Rodman,
J. A, Hoess, J. E, Voorhees, and R, J, McCrory

During the first phase of this research program, which was entitled "The Design
and Development of Laboratory Models to Study the Feasibility of High-Flotation Tires
for Aircraft", the high-flotation landing gear designed to carry a static load of 750
pounds was successfully tested in the laboratory, demonstrating the feasibility of the
high-flotation landing-gear system under laboratory conditions, The results obtained
during the testing of the 750-pound landing~gear unit encouraged Battelle to recommend
to the Fairchild Aircraft and Missiles Division an expansion of the research program to
include the design and development of a high-flotation landing-gear system for flight
testing, In response to a request by Fairchild, Battelle submitted a proposed expanded
research program dated April 11, 1958, An agreement dated June 25, 1958, was con-
cluded between Battelle and Fairchild authorizing this program and changing the title to
"The Design and Development of Laboratory and Flight-Test Models of Landmg Gear
for Aircraft to be Operated From Rough Unprepared Fields',

The objectives of the program were expanded to include the following items:

(1) The design, supervision of construction, and laboratory testing of a
pair of high-flotation landing gears designed to carry a static load of
1500 pounds, These units shall be used for flight testing of the high-~
flotation tire system on an 1.~-19 aircraft,

(2) The laboratory testing of both the 750-pound laboratory-model unit
and the pair of 1500~-pound flight-test units, This testing shall include

drop test with tire spin-up before touchdown to an equivalent of 75 knots,

(3) The design of the necessary struts for suitable attachment of the 1500-
pound landing-gear units to an L-19 aircraft,

(4) The design of an airborne inflation-deflation system,

(5) The design of the necessary brackets to mount the 1500-pound gears
on the N, A,S,A, drop tester at Langley Field, Virginia,

{(6) The design of a dynamic tire-folding test apparatus to be mounted in
a C-123 aircraft to evaluate tire folding in a high-velocity air stream,

The research program was further expanded by an agreement between Dattelle
and Fairchild on March 18, 1959, This expanded research program provided additional
funds and time to complete all of the objectives called for in the June 25, 1958, agree-
ment plus a number of additional objectives, These additional objectives included the
following items:
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(1) The construction and laboratory testing of the dynamic tire-foldipg
test apparatus,

(2) The installation of a safety device in the high-flotation landing gear
to operate a warning light in the cockpit when the gear is ready to
land,

{(3) The disassembly, inspection, modification, weather protection, and
retesting after reassernbly of the 1500-pound landing-gear units,

{4} The preparation of two new tires for mounting on the high-flotation
landing gear,

(5) The provision of technical assistance to Fairchild during the flight
testing of the high-flotation landing gear and the dynamic folding
tests of the high-flotation tire,

During the laboratory testing of the 750- and 1500-pound landing -gear units, drop
tests were conducted with wing 1lift as well as with tire spin-up. Both size units
operated successfully under laboratory conditions, and the pair of 1500-pound units has
been sent to Fairchild for flight testing,

This final report covers the work on the project from June 1, 1958, to its com-
pletion on August 15, 1959, It includes the testing of the 750 -pound unit with tire spin~
up and wing lift, the design of the 1500-pound unit and of its associated apparatus, and
the laboratory testing of the 1500-pound unit,

SUMMARY

As a result of the successful operation obtained with the laboratory-model high-
flotation landing gear designed to carry a static load of 750 pounds, the 1500-pound
landing-gear unit has been designed to be adaptable to aircraft installation for flight
testing, Its design embodies the same concepts and objectives as the design of the 750-
pound unit, but a number of weight-saving innovations have been devised and are in-
corporated into its design,

Tire bleed-valve actuation in both designe is accomplished by a deflection between
the tire hub and the strut when a vertical load is applied to the high-flotation tire, The
heavy-load sensor that was used in the 750-pound landing~gear unit has been replaced
by a much lighter closed hydraulic cylinder mounted in the axle, This cylinder has two
pistons entering it; the pistons are at right angles to one another, The first of these
pistons is fastened to a vertical load-carrying link and is larger in area than the second
piston which is used to actuate the tire bleed valve, A high vertical load and a small
deflection imposed on the first piston results in a lower axial load and larger deflection
of the second piston,

Except for changes in geometry, the design of the pressure sensor and tire bleed
valve for the 1500-pound landing-gear unit has remained essentially unchanged from

that of the 750 -pound unit, One additional feature, however, has been added to the
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pressure sensor, A microswitch, which would be connected to a warning light in the
plane, has been installed on the pressure scnsor and is actuated when the pressure
sensor cocks, This warning light would inform the pilot whether the pressure sensor

was cocked,

The helical-bellows method of tire folding is used to fold the 43-inch-diameter
tire, The same tire modifications used to induce the 34-inch-diameter tire to fold into
a helical bellows are used on the 43-inch-diameter tire, A tire-folding apparatus,
which is to be mounted in a C-123 aircraft and which will extend a 43-inch-diameter
tire into the slip stream while in flight to test tire folding under dynamic conditions,
has been designed, constructed, and successfully operated in the laboratory,

Struts to mount the 1500-pound landing ~gear units on an L~-19 aircraft, an
inflation system to control the tire pressure of these units during flight testing, and a
linkage to mount the high-flotation landing gear on the N,A.S.A, drop-test facility at
Langley Field, Virginia, have been designed. The Battelle drop-test facility has been
strengthened for drop tests with tire spin-up, and tire spin-up and wing lift devices
have been designed and constructed,

Drop tests have been conducted with the 750- and 1500-pound landing~gear units,
During these tests the initial tire pressure, static load, sinking speed, valve configura-
tion, tire spin-up speed, and percentage wing lift were varied to determine their effect
on the operation of the system, The results of these tests were highly satisfactory,
The 43~inch-diameter high-flotation tire was successfully tested at sinking speeds
ranging from 2-1/2 to 10-1/2 ft/sec.

DESIGN OF THE HIGH-FLOTATION LANDING GEAR
AND ITS ASSOCIATED APPARATUS

Design of Components of the 1500-Pound Landing-Gear Unit

The basic method of operation of the 1500-pound high-flotation landing gecar is
patterned after its successfully performing 750-pound predecessor., While there are no
basic changes in the method of operation of the 1500 -pound unit from that of the 750-
pound unit, there are a number of significant weight-saving design changes in some of
the components, Weight considerations were necessitated by the fact that the 1500-
pound unit was to be mounted and flight tested on an L~-19 aircraft after preliminary
laboratory testing had established the effect of the many variable parameters on the
operation of the unit, The results of these changes in component desgign can be seen
in the reduction of weight from the 73 pounds of the 750-pound unit to the 50 pounds of
the 1500-pound unit and in the simplification of the mounting linkage which makes the
unit more applicable to mounting and testing on an aircraft,

Landing-Gear Linkage

Tire bleed-valve actuation in the 1500 -pound unit, as in the 750-pound unit, is
accomplished by means of a relative displacement between the axle and the strut, While
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the linkage used to inount the 750-pound unit prevented braking loads from drastically
affecting the vertical load carried by the vertical load sensor, it was decided that too
heavy a penalty in both weight and complexity had to be paid for this feature, There-
fore, the mounting linkage for the 1500-pound unit was considerably simplified and con-
sists of a four-bar linkage, The only limitation imposed on the operation of the system
by this simplification is that the brakes should not now be applied during the first instant
after tire touchdown since braking will affect the axial load carried by the vertical load-
carrying link,

Figure 1 is a schematic sketch of the mounting linkage of the 1500-pound unit,
The axle is L.~shaped and is mounted to the strut by means of a pin which is parallel to,
but which is located off center from, the axle and tire center line, This arrangement
permits the axle and tire center line to be pivoted about this mounting pin. A vertical
load-carrying link has one of its ends pinned to the strut and the other pinned to a slider
link, or piston, that is mounted in a hydraulic cylinder fixed to the axle. The deflection

between the slider link, or piston, and the axle actuates the tire bleed valve,
]

Wheel, Axle, and Brake

The tire is mounted on a 7075-T6 aluminum cylinder which serves as a wheel for
the 43-inch-diameter tire, The earlier analytical study conducted at Battelle specified
a required air-bleed orifice area of 14,2 square inches for the 43-inch-diameter, 1500-
pound static load, high-flotation tire, In the 1500-pound unit the air is bled from the
tire through eight large ports, which have a total area of 21,5 square inches, in the
outboard end of the wheel, The wheel has an internal diameter of 4,75 inches, which
provides approximately 17,7 square inches of flow area,

The wheel is mounted on a nonrotating axle, whith is made of SAE 4340 steel
hardened to 35 Rg, by means of two Timken Roller Bearings, The outboard bearing is
approximately located on the center line of the tire, and the center-to-center bearing
distance is 10,75 inches, The L-shaped axle is essentially two cylinders intersecting
at right angles, The wheel and tire are mounted on the longer leg of the axle, and the
pivot pin, which fastens the axle to the strut, passes through the shorter leg, The dis-
tance between the weel and tire center line and the pivot-pin center line is 3,75 inches,

Figure 2 is a photograph of the inboard side of the right-hand 1500-pound unit as
mounted on the Battelle drop tester, The axle mounting and brake components are
clearly visible in this picture, A spot brake with two cylinders or spots and with a
single rotating disk is used on the 1500-pound unit, The brake disk is driven on its ex-
ternal periphery by a toothed flange which is fastened to the rotating wheel, and the
brake=-cylinder housing is fastened to the nonrotating axle, Because of the increase in
the rolling radius of the 43-inch-diameter high-flotation tire over that of the conven-
tional L-19 tire, it is necessary approximately to double the braking torque available
from the conventional L-19 brake system, This is accomplished by using twe 2-inch-
diameter brake cylinders in place of the conventional one 2-inch-diameter brake cylin-
der that is used on the 1.-19, These cylinders are located 3-1/2 inches from the axle
center line, and for a cylinder pressure of 900 psig and a brake-lining coefficient of
friction of 0,25 the torque developed is 10,000 inch-pounds, Two smaller brake
cylinders are used in place of one larger cylinder because they permit the use of a
smaller diameter brake disk and, thus, do not reduce the ground clearance as much
as a single larger cylinder would,
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FIGURE 1, SCHEMATIC DRAWING OF THE MOUNTING LINKAGE
OF THE 1500-POUND LANDING-GEAR UNIT
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Load-Sensing Cylinder

To reduce the weight and complexity of the load sensor used in the 750-pound unit,
the energy-absorbing dashpot was not included in the design of the 1500-pound unit, and
a method was devised to eliminate the large load-sensing spring that was formerly re-
quired, This method uses a smallclosed hydraulic cylinder whichismountedinthe axle,
and which has two pistons located atrightangles to one another, entering it, Figure3is a
schematic sketch of this load-sensing cylinder, One of the two pistons entering the load-
sensing cylinder is larger in area than the other, The larger piston, which is mounted
in the vertical direction and which is fastened to the ball-ended vertical load-carrying
link, is 1-1/2 inches in diameter and has an area of 1,77 square inches, The smaller
piston actuates the tire bleed valve and is formed by a stepped shaft which passes
through the cylinder along the center line of the axle, This stepped shaft has diameters
of 13/16 and 3/8 of an inch and has a differential area of 0,41 square inch., Therefore,
the areas of the pistons are in the ratio of approximately 4,33 to 1, and the spring rates
of the comparatively small valve and push-rod springs are increased 4, 33 times relative
to the larger piston,

When a vertical load of 4800 pounds is imposed on the larger piston by the vertical
load-carrying link, the internal cylinder pressure rises to 2710 psig, The push-rod
spring pulls the larger diameter portion of the stepped shaft back into the cylinder when
the load on the larger piston is relieved, This spring has a prelcad of 15 pounds and a
spring rate of 159 pounds per inch, Since the unit is located on the center line of the
axle and since the pistons are located at right angles to one another, the bell-crank
mechanism used to actuate the valve in the 750 -pound unit has also been eliminated,

The load-sensing function is performed in the following manner:

(1) The vertical load on the tire is imposed on the vertical load-carrying
link which applies this load to the larger piston in the load-sensing
cylinder,

(2) A preload is applied to the stepped shaft, which passes through the
load-sensing cylinder, by the valve and push-rod springs.

(3) Ase the load on the larger piston increases, the fluid pressure in the
load-sensing cylinder increases,

(4) When the pressure in the cylinder reaches a value that applies a force
on the stepped shaft sufficient to overcome the preload in the valve
and push~-rod springs, the stepped shaft is actuated and begins to open
the tire bleed valve,

(5) The displacement of the stepped shaft is then directly proportional
to the increase in load on the larger piston,

(6) The travel of the stepped shaft is limited to 1 inch by a rubber
stop, and any further increase in the load on the larger piston in-
creases the pressure in the load-sensing cylinder, but does not
result in an further displacement of the stepped shaft,
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FIGURE 3, SCHEMATIC DRAWING OF LOAD-SENSING CYLINDER
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Pressure Sensor

Because of the satisfactory operation of the pressure sensor in the 750-pound unit,
the method of operation of the pressur: scnsor used in the 1500-pound unit is identical
with that used in the 750-pound unit, The only major design changes were concerned
with the geometry of the component, One additional feature, however, was added to the
pressure scnsor, Since the unit is to be flight tested, it was considered essential to
provide some means of informing the pilot whether or not the pressyre sensor is cocked
before landing. To accomplish this, a microswitch is mounted on the pressure-éensor
frame and is actuated when the pressure-sensor guide block is in the cocked position,
The actuation of this switch turns on a light in the cockpit of the plane and lets the pilot
know whether the pressure sensor is cocked, The electrical leads to this switch are
brought out of the 1500-pound unit through the air passage. The pressure sensor, as
installed on the L-19 aircraft, is set to disengage at a pressure of 2-1/2 psig and to
engage or cock at a pressure of approximately 7-1/2 psig, Figure 4 is a photograph of
the vertical load-carrying link, load-sensing cylinder, pressure sensor, and the air-
and electrical-inlet assembly,

Tire Bleed Valve

The design of the tire bleed valve for the 1500-pound unit remained essentially the
same as that for the 750-pound unit except for changes in geometry, The available valve
stroke from the full open to the full closed position in the 1500-pound unit is 1 inch, The
programmed valve-port cylinder has eight ports, an internal diameter of 8~3/4 inches,
and a maximum available area of 24,4 square inches, To reduce the O-ring friction on
the outboard sleeve, the large reciprocating O~ring seal has a hardness of 40 durometer,
The valve spring is preloaded to 95 pounds and has a spring rate of 43 pounds per inch,
This preload is sufficient to hold the outboard sleeve tightly against the O~ring face
seal, and no lcakage of either the O-ring reciprocating or face seal was noted at tire
pressures as high as 25 psig. A vertical load of approximately 1050 pounds is required
to start valve actuation, and the valve is full open at a vertical load of approximately
1950 pounds. As the tire bleed valve and the valve rod rotate with the tirc and as the
pressure sensor and valve push rod, which are mounted in the axle, do not rotate, a
rotary thrust bearing is located between the valve rod and the valve push rod,

Folding of the 43-Inch-Diameter High-Flotation Tire

The 43-inch-diameter high-flotation tire is folded into a helical bellows in the
same manner as the 34-inch-diameter tire, The same tire~-folding provisions are
necessary for both tires, and the same method of locking the inboard tire flange to the
axle is employed in both units, These tire-folding provisions and the reasons for each
and the design of the tire~flange locking mechanism are explained in detail in the Phase
Report on this project, dated August 1, 1958,

Tire Modifications

To determine the most satisfactory siiffening-rib configuration for inducing the
43-inch-diameter high-flotation tire to fold into a helical bellows, tests were conducted
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with various combinations of the number of ribs and the rib lead angle, Type "B'" V-
belts were cemented to the tire as stiffening ribs and performed satisfactorily, Lead
angles of 10, 25, and 45 degrees were employed; a lead angle of 10 degrees gave the
best results. Eight and ten stiffening ribs were used to determine the most desirable
number of tire folds, The tire crecased more easily with eight than ten folds, but ten
folds permitted a slightly smaller folded diameter than eight, and it was decided that
ten is the best number for this tire. The smallest diameter of the circular concentric
stiffening ribs on the side walls of the tire that will insure a uniform outer diameter of
the folded tire package is 24 inches. It was found that a vacuum of only 8 inches of
water was required to hold the tire in the completely folded position,

To insure the proper folding of the tire that was used in the above tests, it was
necessary to hold the tire hubs axially in their operational position until after the tire
had been creased and one hub had rotated approximately 11 degrees with respect to the
other. The inboard hub was then released and allowed to move axially teward the out-
board hub, However, to fold successfully tire Number 16, the tire that will be used in
the dynamic tire-folding tests, it was found to be necessary to hold the hubs axially in
their operational position until they have rotated approximately 30 degrees with respect
to one another, This variation in the folding requirements for the two tires indicates
that, for tires of different stiffness or cord angie, it will be necessary to perform
folding tests to determine what tire modifications are necessary to give optimum folding
performance for that particular tire construction, Figure 5 is a sequence of photo-
graphs of the 43-inch-diameter high-flotation tire taken at various stages during the
folding cycle, 1

Dynamic Tire-Folding Apparatus

To test the folding of the tire under dynamic conditions such as will be encountered
during operation, a tire-folding apparatus which is to be installed in a C-123 aircraft
was designed, constructed, and operated in the laboratory, Figure 6 is a schematic
diagram showing the manner in which the 43-inch-diameter high-flotation tire will be
extended and retracted from the C-123 during the dynamic folding tests, The apparatus
will be rigidly fastened to the cargo ramp of the C~123, and the tire will be extended
into the slip stream by rotating the extension arm 180 degrees, The extension arm is
positioned by a chain that is driven by a powered screw jack,

The tire is connected to a three-way solenoid valve which is actuated to either
inflate or deflate the tire, When this valve is in the inflate position, the tire is open to
an accumulator which has been preinflated to a pressure that is sufficient to inflate the
tire quickly from the folded condition. When the valve is in the deflate position, the
tire is open to the vacuum side of an industrial-type vacuum-cleaner blower, and folds
as it is evacuated,

Design of the 1.~-19 Struts and Inflation System

Calculations showed that the spin-up and spring-back loads that would be applied
to the high-flotation tire during landing would be larger than the maximum allowable
spin-up or spring-back load that can be safely carried by the front-strut attachment
fittings on the L.-19. To permit landings at comparatively high sinking speeds with the
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N59889 N59890

Tire Inflated Tire at Atmospheric Pressure

N59891 N59892
Tire During Folding Operation Tire Folded

FIGURE 5, FOLDING SEQUENCE OF THE 43-INCH—DI.AMETER,
HIGH-FLOTATION TIRE
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high-flotation landing gear mounted on this aircraft, it was necessary to mount the
landing gear on the 1.-19 by means of a structure which is fastened to the rear pontoon
fittings as well as to the front-strut fittings,

Both of the high-flotation landing gears are mounted on a common front-strut
weldment which is fastened to the L.-19 by means of adapters that are mounted in the
conventional L-19 front-strut fittings, The front-strut weldment is pinned to these
adapters and is free to pivot in a fore-aft direction. It is held in place by two ball-
ended rear struts which are fastened to it at the points where the landing-gear units are
attached and which extend rearward to the rear pontoon-attachment fittings, The major
reaction forces due to tire spin-up and spring back are carried by these rear struts,

Since the tires to be mounted on the L-19 for flight testing will not be folded, an
inflation system has been designed without provisions for tire deflation, This sytem
consists of a 3000-psig air-storage accumulator that is supplied by a 2-cfm compressor,
Each tire is independently inflated through its own adjustable lever-operated pressure
regulator, The system has provisions for automatic quick reinflation of the tires by a
predetermined amount after tire bleed down so that the tire run-out pressure can be in-
creased to a sufficient value to reduce tire wear and heating during the flight-test pro-
gram, This quick reinflation is accomplished by connecting a second accumulator to
the tires immediately after both tire bleed valves have closed., This second accumula-
tor is preinflated to an adjustable pressure that is sufficient to raise the pressure in the
two tires by the desired amount,

Design of the Langley Field Drop-Test Linkage

The minimum load that can be dropped in the N, A,S,A, drop-test facility at
Langley Field, Virginia, is larger than 1500 pounds, This makes it impossible to
conduct drop tests with the high-flotation landing gear designed to carry a static load
of 1500 pounds mounted directly to the present drop-test carriage, Therefore, a
linkage similar to the four~bar linkage used for drop testing at Battelle was designed to
be fastened to the drop-test carriage at Langley Field, The high-flotation landing gear
would be mounted on this linkage during the drop testing. The drop-test carriage
would be fixed at a given vertical position, and the vertical motion of the high-flotation
landing gear would be accomplished by raising and dropping the four-bar linkage in
the same manner as is done with the Battelle drop tester. The horizontal motion of
the unit would be provided by the N, A,S, A, drop tester, Adapters were designed to
permit the testing of the landing gear with both yaw and roll, A safety stop was de-
signed to limit the downward travel of the four-bar linkage, This safety stop would
prevent the damaging of the high-flotation landing gear in the event of a tire failure,
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LANDING-GEAR DROP-TEST PROGRAM

Laboratory Drop-Test Apparatus

Both the 750~ and 1500-pound static-load high-flotation landing gears were drop
tested under laboratory conditions at Battelle to determine the necessary conditions for
successful system operation and to gain some insight into the possible effect that tire
spin-up and wing lift will have on the operation of the system, To conduct drop tests
with tire spin-up before touchdown and with wing-lift, it was necessary to make a4 num-
ber of alterations to the Battelle drop tester and to construct some additional compo-
nents, The existing drop tester, which was described in the Phase Report, was
strengthened and more rigidly mounted to the floor to permit drop tests with tire
spin-up before touchdown, and tire spin-up and wing lift devices were designed and con-
structed, Figure 7 is a photograph of the Battelle drop-test apparatus showing the
installation of the tire spin-up and wing-lift devices,

Tire Spin-Up Device

The tire spin-up device is capable of spinning up either the 34- or 43-inch-
diameter high-flotation tire at speeds up to over 75 knots, An 8-1/2-inch-diameter
aluminum roller, which is belt driven by a 2-horsepower motor, spins the tire up to
speed when the roller and tire are brought into contact with one another, Both the
roller and motor are mounted on an arm which is pivoted on a stationary frame, The
arm is approximately 6 feet long and is pivoted at its mid-point, The roller is located
at one end of the arm and can, therefore, be positioned to any location on an arc having
a 3-foot radius, The unit is so positioned that this arc always intersects the circum-
ference of the tire being tested, regardless of the drop height, To pivot the arm into
position, a force is applied to the end of the arm on the opposite side of the pivot from
the roller, Before the tire is dropped the arm is pivoted to a clear position,

Wing ~-1ift Device

Two air springs, which are located on either side of the landing pad and which
engage the drop-tester carriage, are used to provide wing lift on the Battelle drop
tester, They each consist of a cylinder so mounted in a tank that the combination has a
low ratio of cylinder displacement to total volume, The total volume of a tank is 5700
cubic inches, Each cylinder is 3-5/8 inches in diameter, and each wing-lift piston
has a maximum stroke of 18 inches, This results in a maximum displacement of 186
cubic inches and a maximum pressure increase of approximately 3,5 per cent, Since
the pressure increase is small, the force on the piston remains essentially constant
throughout the piston stroke, The drop-tester carriage does not engage the pistons
until after it is dropped a given distance to obtain the desired sinking speed, By vary-
ing the pressure in the tanks, the per cent of wing lift can be controlled,
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Drop-Tester Instrumentation

In drop tests of the high-flotation landing gear conducted after the Phase Report,
the following information was recorded:

(1} Vertical tire deflection

(2.)- Vertical acceleration

(3) Valve position

(4) Sinking speed

(5) Rotational velocity of the tire
(6) Horizontal spin-up force

(7) Time base,

A Consolidated 5-116 fourteen-channel recording oscillograph was used to record the
required information in place of the Consolidated 5-114 eighteen-channel unit that was
used earlier in the project, The chart specd used was 32 inches per second,

Vertical tire deflection, vertical acceleration, valve position, sinking speed,
and time base were obtained in the same manner as described in the Phase Report,
Because valve position was measured with a transducer attached to a rotating member,
a slip-ring system would have been necessary for completing the circuit between the
transducer and the reccrder in drop tests with tire spin-up, For this reason, valve
position was recorded in zero spin-up speed tests only, The rotational velocity of the
tire was obtained in two manners, In drop tests with the 750-pound unit, the rotational
velocity of the tire was monitored by a tach-generator, The armature of the tach-
generator was coupled to and driven by the rotating axle, and the case was mounted on
the stationary-axle housing. In drop tests with the 1500-pound unit, as no means was
readily available to mount the tach-generator between the rotating and nonrotating
components of the unit, the tire rotational speed was monitored with a magnetic pickup.
This magnetic pickup was mounted on the stationary brake housing and so located that
the tecth on the rotating flange that drives the brake disk interrupted the magnetic field
and induced a signal in the pickup coil, By recording these interruptions with respect
to time, the average rotational speed of the tire over a given time iunterval was deter-
mined, Horizontal spin-up force was obtained in drop tests with both the 750- and
1500-pound units by cementing strain gages on the adapters used to mount these units
to the Battelle drop tester,

Drop-~Test Conditions

Since the publication of the Phase Report, extensive drop testing of both the 750-
and the 1500-pound landing-gear units has been carried out on the Battelle drop-test
facility, Drop tests with the 750-pound unit were conducted to determine what effects
lower static load, tire spin-up before touchdown, wing lift, and dash-pot operation have
on the performance of the unit. During drop testing of the 1500~pound unit, the static
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load, initial tire pressure, sinking speed, valve area, tire spin-up speed, and percent-
age wing lift were varied to determine their effect on the landing operation and to estab-
lish an envelope of variable conditions in which successful landings could be made,

750~Pound Unit

211 of the tests with the 750-pound unit were conducted with a totalvalve area.of
10. 8 square inches. Static loads of 710, 788, and 988 pounds were used, and'the initial'
tire pressure ranged from 7 to 11 psig. The sinking speed was varied.from 2-1/2 to
8-1/4 ft/sec in the 710~ and 788-pound static-load tests and from 2-1/2 to 7-3/8 ft/sec
in the 988-pound static load tests,. Tire spin-up speeds before touchdown of 0, 32, 63,
and 80 knots were used, and:drop tests were conducted witli.0, 50, and 100 per cent
wing lift, Drop tests with.the dash pot installed were conducted ' only with zero tire
spin-up speed and zero.per cent wing lift,

1500 -Pound Unit

During the-drop.testing of the 1500-pound landing-gear unit, drop tests were
carried out with.static loads of 920, 1200, and 1500 pounds,. Sinking speeds ranging
from 2-1/2 to 10~1/2 ft/sec were used, Initial tire pressure was variedifrom 21 to 8
psig, and three different valve configurations were used, Valves A and.B are similar
in that they both have directly proportional valve-area versus valve-stroke characteris-
tics, Valve A, however, has a larger magnitude of total area than Valve B, Valve C is
so programmed that the rate of valve-area opening is low during the first part, but high
during the last part of the valve stroke, A description of the three valves follows:

(A) The area of Valve A increases at the rate of 24,4 in, 2/im,_ valve stroke
and for a l-in, valve stroke has a total area of 24.4 in, 2,_

(B) The area of Valve B increases at the rate of 14,6 in.2/in. valve stroke
and for a 1-in, valve stroke has a total area of 14, 6 in, 2,

(C) The area of Valve C increases at.the rate of 9.2 in. 2/in. valve stroke
for the first 3/8-in. valve stroke and 24.4 in. 2/in. valve stroke for
the last 5/8 in, of valve stroke, The total area for a l-in, stroke
is 18,7 in, 2,

Tire spin-up-speeds before touchdown of 0, 61, and 78 knots were used, and percentage
wing lift waa varied from.zero to 100 per cent, ’

750-Pound~-Unit Drop-Test Results

710-Pound Static l.oad

As indicated by the increase in the maximum vertical-load factor when: the static
load was reduced from 990 to 780 pounds in earlier tests, the maximum vertical-load
factor obtained in the drop tests with a static load of 710 pounds was higher for a given
sinking speed than that obtained in drop tests conducted with a static load ofi 780 pounds,
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Vertical-load factor is defined as the ratio of instantancous vertical load to total static
weight, An initial tire pressure of 8 psig resulted in the best over-~all pe rformance of
the unit with a static load of 710 pounds, Tuble 1 is a listing of the maximum vertical-
load factors obtained in drop tests without tire spin-up and wing lift over the full range
of static loads and sinking speeds uscd during the drop testing of the 750-pound unit,
The maximum vertical-load factor varied from 1,5 in the test with a static load of 990
pounds, an initial tire pressure of 11 psig and a sinking speed of 2-1/2 ft/sec tn 4,2 in
the test with a static load of 710 pounds, an initial tire pressure of 8 psig, and a sinking
speed of 8-1/4 ft/sec,

TABLE 1, MAXIMUM VERTICAL-LOAD FACTORS OBTAINED IN DROP
TESTS WITH THE 750-POUND LANDING GEAR

Aircraft Sinking Maximum Vertical-Load Factor(a)

Speed, ft/sec 990 Pounds+t 780 Pounds* 710 Pounds*
2-1/2 195 1.8 1.8
4-3/4 Co 2,4 2.5
6-1/4 2.5 2,8 3.1
7-3/8 3,0 3.3 3,6
8-1/4 - 3,8 4.2

Note: Constant axle area of 5,7 in. 2; total valve arca of 10, 8 1. %; and zero spin=-up speed, zcro per cent
wing lift,

(a) + - Initial tire pressure of 11 psig for 2-1/2 and 4-3/4 ft/sce sinking=speed tests and of 10 psig for 6-1/4
and 7-3/8 ft/sec sinking-speed tests,
® - Initial tre pressure of 8 psig for all sinking~speed tests,

Dash Pot Installed in Series With the
High-Flotation Landing Gear

In the drop tests that were conducted with the dash pot installed in series with
the high-flotation landing gear, a high shock load was imposed on the unit by the bottom -~
ing of the piston in the dash-pot cylinder., After the first series of drop tests with the
dash pot installed, this shock load damaged the miniature ball bearings on the ends of
the valve push rods in the pressure sensor, These bearings were replaced with plain
rollers, and the dash-pot rate was increased to reduce the bottoming velocity of the
piston, A second series of low-sinking-speed drop tests was then conducted with the
dash pot installed, Although the performance of the unit appeared to be improved over
that of the first series of tests with the dash pot installed, it was evident that to gain a
more complete and reliable insight into the functioning of a dash pot in series with the
high-flotation landing gear, it would be necessary to construct a more refined dash pot
or '"oleo'" strut and to conduct a comparatively extensive drop-test program, It was
considered that this coursc of action should not be followed at that particular time in the
research program since it would scriously delay the achieving of the project objectives,
the design, development, and determination of the operating characteristics and energy-
dissipation capabilitics of the high-flotation~tire venting system. It is not to be inferred
from the above discussion that satisfactory operation cannot be obtained with the use of
a dash pot or oleo strut in series with the high-flotation landing gear,
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Drop Tests Conducted With Tire Spin-Up

Table 2 shows the values obtained for the maximium vertical-load factor and maxi-
nium spin-up load at various combinations of sinking speed and tire rotational speed for
the drop tests conducted at static loads of 788 and 988 pounds and initial tire pressures
of 8 and 10 psig, respectively, In the drop tests conducted with a static load of 788
pounds and an initial tire pressure of 8 psig, the maximum vertical-load factors ranged
from 1, 8 at a sinking speed of 2-1/2 ft/sec and tire rotational speeds of 32 and 63 knots,
to 4,1 at a sinking speed of 8-1/4 ft/sec and a tire rotational speed of 63 knots., The
maximum spin-up load of 1400 pounds occurred at a sinking speed of 8-1/4 ft/sec and a
tire rotational speed of 63 knots, The maximum vertical-load factor attained in the
drop tests conducted with a static load of 988 pounds and an initial tire pressure of 10
psig ranged from 1,6 at a sinking speed of 2-1/2 ft/sec and a tire rotational speed of 32
and 63 knots to 3,3 at a sinking speed of 7-3/8 ft/sec and a tire rotational speed of 32
knots, The maximum spin-up load of 1340 pounds occurred at a sinking speed of 6-1/4
ft/sec and tire rotational speeds of 63 and 80 knots,

‘The maximum spin-up load attained in the drop tests with a tire rotational speed
of 63 knots was higher than that attained at a tire rotational speed of 32 knots, In most
cases there was little difference between the maximum spin-up load attained at 63 knots
and that attained at 80 knots, It is interesting to note that, in the drop test with a static
load of 988 pounds, an initial tire pressure of 10 psig, and a sinking speed of 4-3/4
ft/sec, the maximum recorded spin-up load at a tire rotational speed of 63 knots was
1250 pounds while the spin-up load was only 1070 pounds at a tire rotational speed of
80 knots,. The reason for this behavior is not known,

Drop Tests Conducted With Wing Lift

Table 3 shows the effect of initial tire pressure and wing lift on the maximum
vertical-load factor, The maximum load factors listed are the total load factors applied
to the drop-tester carriage and are equal to the sum of the wing lift and tire loads, In
the tests with wing lift, the maximum load factor attained at the lower initial tire press-~
ures was, in all cases, slightly lower than that attained at higher pressures, It is not
practical, however, to reduce the initial tire pressure below the test values, because
the small reduction in the maximum load factor that is realized is more than offset by
the greater tire deflection required to arrest the vertical velocity,

The maximum load factor did not vary appreciably between the tests conducted at
50 and 100 per cent wing lift, The drop tests with 0 per cent wing lift were conducted
at an earlier date than those with 50 and 100 per cent wing lift and have different sinking
speeds than the drop tests with wing lift, The maximum load factor attained in the tests
with wing lift was greater than that attained in tests at comparable sinking speeds with-
out wing lift, However, the maximum load carried by the high-flotation tire was
smaller in the tests with wing lift than in the tests without wing lift,

The wing -lift cylinders continued to apply wing lift to the unit after the landing
impact, This continued application of the wing-1lift force after the energy-dissipation
cycle caused the tire to leave the ground in the tests with 100 per cent wing lift, The
highest such bounce was 3 inches and occurred at a static load of 788 pounds, an initial
tire pressure of 10 psig, and a sinking speed of 8 ft/sec,
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TABLE 2, MAXIMUM VERTICAL-LOAD FACTOR AND SPIN-UP LOAD FOR DROP
TESTS OF THE 750-POUND UNIT CONDUCTED WITH TIRE SPIN-UP

Maximum Vertical-Load Factor Maximum Spin-Up Load, 1lb,
Aircraft Sinking at Indicated Spin-~Up Speed at Indicated Spin-Up Speed

Speed, ft/sec 0 Knots 32 Knots 63 Knots 80 Knots 32 Knots 63 Knots 80 Knots

Static Load of 788 Pounds, Initial Tire Pressure of 8 Psig

2-1/2 1,8 1.8 1.8 -- 500 800 -

3-3/4 - -- 2,0 1.9 - 1100 1100
4-3/4 2.4 2.4 2ne3 2,4 900 1100 1200
6-1/4 2,8 2,9 2.9 2 930 1310 1300
7-3/8 3.3 3,3 3.4 3,5 1010 1300 1250
8-1/4 3.8 4.0 4.1 3.8 1200 1400 1370

Static Load of 988 Pounds, Initial Tire Pressure of 10 Psig

2-1/2 1, 45(a) 1.6 1.6 - 650 900 —
3-3/4 - - 2.0 2.0 - 1075 1100
4-3/4 2. 15(a) 2.3 2.2 2.1 890 1250 1070
6-1/4 2.5 2.8 2.8 2.9 1000 1340 1340
3.1 1180 1310 1300

7-3/8 3.0 3.3 3.

memen L lmp o oaes s peaieiiiein e g Tyrees am ey e ez —y

Note: Constant axle area of 5.7 in. 2; total valve arca of 10.8 tn.%; and zero per cent wing lift,
(a) Eleven psig.
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1500-Pound-Unit Drop-Test Results

Asg in the drop testing of the 750-pound unit, the initial drop tests of the 1500-
pound unit were made at the recomrended initial tire pressure of 17 psig, During
these tests the impact energy was effectively dissipated, and even though there was
some oscillation of the landing gear present after the landing, the unit did not oscillate
severely or bounce off of the landing pad as was encountered in the early drop tests with
the 750 -pound unit, Upon examination of the recorded data, however, it was found that
the maxirmnum vertical-load factor obtained in these tests was higher than anticipated.

Effect of Initial Tire Pressure on

Maximum Vertical-Load Factor

To reduce the magnitude of the maximum vertical-load factor, drop tests were
conducted with lower initial tire pressures, Figure 8 is a graph of maximum vertical-
load factor versus initial tire pressure obtained with Valve A for various combinations
of sinking speed and static load., These results show that, at the higher sinking speeds,
the maximum vertical-load factor was substantially reduced by employing lower initial
tire pressure, In the case of the landing with a 920-pound static load and a sinking
speed of 7-1/4 ft/sec, the maximum vertical-load factor was reduced from 5.0 to 3.7
when the initial tire pressure was reduced from 21 to 9 psig. As in the case with the
750-pound unit, however, a practical minimum pressure was reached, below which
successful higher sinking~speed landings were not possible because the tire was no
longer capable of supplying enough impulse to stop the descent of the carriage in the
available tire deflection,

The effect of initial tire pressure was not so noticeable at the lower sinking
speedsa, In the drop tests conducted with a static load of 920 pounds and a sinking speed
of 2-1/2 ft/sec, there was essentially no change in the maximum vertical-load factor
as the initial tire pressure was varied from 21 to 9 psig, It is interecsting to note that,
in the drop tests conducted with a static load of 1520 pounds, the maximum vertical-
load factor obtained in the lower=-sinking-speed landings actually began to increcase
again as the initial tire pressure was lowered below 13 psig. This resulted from the
fact that, in the drop tests conducted with a high static load and with low sinking speed
and initial tire pressure, a sufficient impulse was not applied to the unit to bring it to
a stop before the tire bleed valve closed, The maximum vertical-load factor in these
drop tests occurred after the valve had closed and was higher than the highest load that
occurred while the valve was open,

Effect of Valve Area and Programming
on Maximum Vertical-Load Factor

The results obtained in drop tests with the three tire bleed valves were fairly
similar, There was a small increase in maximum vertical-load factor as the total
valve area was reduced, but this increase was not as great as might have been expected,
When the valve area was reduced 5,7 square inches from the 24,4 square inches of
Valve A to the 18,7 square inches of Valve C, the maximum vertical-load factor ob-
tained in drop tests conducted under the same conditions increased by only one to two
tenths, Fuvther reduction in valve area, however, caused the maximum vertical-load
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factor to increase at a slightly {uoter rate, When the valve arca was reduced an addi-
tional 4.1 square inches by veplacing Valve C with Valve I3, which had a total of 14,6
square inches, the maxinum vertical-load factor incrcasced by one to tiiree tenths,
This scems to indicate that the internal axle area of 17.4 square inches, which is the
same for all three valves, and the resistance to air flow encountered in turning the air
90 degrees at the end of the axle limit the flow of air {rom the tire sufficiently to
reduce the effectiveness of valve programming on the 1500-pound unit,

Valve B was eliminated from the testing program after the first sequence of tests
because of the higher maximuwn vertical-load factors achieved with it, Continued test-
ing with Valves A and C indicated that the best over-all performance of the unit with
Valve A installed was obtained with an initial tire pressure of 12 psig for a static load
of 1500 pounds and 10 psig for a static load of 1200 pounds, With Valve C installed, the
best over-all performance was obtained with an initial tire pressure of 11 psig for a
static load of 1500 pounds and 9 psig for a static load of 1200 pounds, Since the initial
tire pressure used with Valve C was lower than that used with Valve A, the maximum
vertical-load factor obtained in drop tests with the two was almost identical, even
though Valve A had a larger area, Valve C was chosen to be installed in the unit during
the flight tests because its smaller area would probably result in slightly better per-
formance than that achieved with Valve A at sinking speeds below 2-1/2 ft/sec,

Drop Tests Conducted With Tire Spin-Up

The results obtained in the tests conducted with tire spin-up to 61 and 78 knots
were in good agreement with those obtained with zero spin-up speed, Table 4 shows the
values obtained for the maximum vertical-load factor and maximum spin-up load at
various combinations of sinking spced and tire rotational speed for the drop tests con-
ducted at static loads of 1200 and 1500 pounds and initial tire pressures of 9 and 11 psig,
respectively, The maximum vertical-load factor obtained at the higher sinking speeds
was slightly greater in the tests conducted with tire spin-up than in the tests conducted
without tire spin-up, In the drop tests conducted with a static load of 1500 pounds, an
initial tire pressure of 11 psig, and a sinking speed of 7-1/4 ft/sec, the maximum
vertical-load factor increased from 2,7 in the drop test with zero spin-up speed to
3.1 in the drop test with a spin-up spced of 61 knots, At the lower sinking speeds,
however, there was no noticeable difference in the maximum vertical-load factor
attained in the tests with and without tire spin-up.

The maximum spin-up load obtained in the drop tests with tire spin-up was 2400
pounds, It occurred in the test conducted with a static load of 1500 pounds, an initial
tire pressure of 11 psig, a sinking speed of 10-1/2 ft/sec, and a tire spin-up 'speed of
78 knots, There was little difference in the maximum spin-up load obtained in tests
conducted at spin-up speeds of 61 and 78 knots,

Drop Tests Conducted With Wing Lift

Table 5 shows the effect of wing lift on the maximum vertical -load factor obtained
in drop tests conducted at various sinking speeds and tire spin-up speeds, As in the
case of the results listed for the drop tests of the 750-pound unit with wing 1ift, the
maximum vertical-load factors listed are the total-load factors applied to the drop-
tester carriage and are equal to the sum of the wing lift and tire loads, The maximum
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TABLE 4, MAXIMUM VERTICAL-LOAD FACTOR AND MAXIMUM SPIN-UP LOAD
OBTAINED IN DROP TESTS OF THE 1500-POUND UNIT CONDUCTED

WITH TIRE SPIN-UP

Maximum Spin-Up

Maximum Vertical-Load Factlor Licad, 1b, at Indicated
Aircraft Sinking at Indicated Spin-Up Speced Spin-Up Speed
Speed, ft/sec 0 Knots 61 Knots 78 Knots 61 Knots 78 Knots

Static Load of 1200 Pounds, Initial Tire Pressure of 9 Psig

2-1/2 1.7 e e o e
3-1/4 -- 1.8 1.8 1100 1050
7-1/4 31 3.1 3.0 2000 1900
10-1/2 4.2 4,4 4.4 2200 2300

Static Load of 1500 Pounds, Initial Tire Pressure of 11 Psig

2-1/2 1.8 e —- -- e
3-1/4 -- 1.7 1.8 1350 1350
7-1/4 2.7 3.1 2.9 1900 1900
10-1/2 4.0 4.1 4.0 2350 2400

Note: Constant axle area of 17,4 in.2; Valve C, total area 18,7 in. 2; and zero per cent wing lift.
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TABLE 5, EFFECT OF WING LIFT AND TIRE SPIN-UP ON MAXIMUM VERTICAL-
LOAD FACTOR OBTAINED IN DROP TESTS OF THE 1500-POUND UNIT

Maximum Vertical-ILoad Factor

Aircraft Sinking Tire Spin~Up Wing Lift, Static Load, 1b: 1200 1500
Speed, ft/sec Speed, knots per cent Initial Pressure, psig: 9 11
2-1/2 0 0 1,7 1.8
50-40(a) 1.9 1.7

100-8o(2) L7 1.7

3-1/4 61 0 1.8 1.7
50-40 2.0 2.4

100-80 2,0 2.1

7-1/4 0 0 3.1 2,7
50-40 3.2 2,9

100-80 3.2 3,0

61 0 3,1 3.1

50-40 - 3.1

100-80 3.1 3.0

10-1/2 0 0 4,2 4,0

50-40 4,3 4,0

100-80 4.4 4.1

61 0 4.4 4,1

50-40 4,3 4.5

100-80 4.2 4,2

Note: Constant axle area of 17.4 in. 2 and Valve C, total area 18,7 in. 2 .
(a) The 1200-pound static-load tests were conducted with 50 and 100 per cent wing 1ift, and the 1500~pound static<load tests
were conducted with 40 and 80 per cent wind lift,
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vertical-load factor for the tests conducted at constant sinking speed and static weight
was not substantially affected by varying the percentage wing lift or spin-up speed,

In some instances the total maxirmur vertical-load factor was less in the tests
conducted with wing lift than in the tests cunducted without wing lift, In the tests con-
ducted at a sinking speed of 10-1/2 ft/sec, a static load of 1200 pounds, and a tire spin-
up speed of 61 knots, the maximum vertical-load factor obtained with zero per cent wing
lift was 4.4, and that obtained with 100 per cent wing lift was 4,2, Even in the tests in
which the maximum vertical-load factor obtained with wing lift was higher than that ob-
tained without wing lift, the maximum load carried by the high-flotation tire was less in
the tests with wing lift than in the tests without wing lift,

The continued application of the wing-lift force by the wing-lift cylinders after the
encrgy-dissipation cycle, in addition to the vertical load carried by the high-flotation
tire, caused the drop-tester carriage to be accelerated upward after the landing impact,
In the drop tests conducted with a static load of 1200 pounds and 100 per cent wing lift,
the upward impulse applied to the carriage was sufficient to cause the tire to lose con-
tact with the landing pad and the carriage to lose contact with the wing -1ift cylinders,
The carriage rose to a maximum height of 2-1/2 inches above the wing-lift-cylinder
contact point in the test conducted at a sinking speed of 10-1/2 ft/sec, The carriage did
not lose contact with the wing-1ift cylinders in any of the tests conducted with a static
load of 1200 pounds and 50 per cent wing lift, Except for the test conducted at a sinking
speed of 10-1/2 ft/sec and 80 per cent wing 1ift, the carriage did not lose contact with
the wing-lift cylinders in any of the tests conducted with a static load of 1500 pounds,

Optimum Operating Conditions and Range of Sinking
Speeds for the 1500-Pound Unit

The best performance of the 1500~pound unit over the full range of sinking speeds
was obtained with Valve C and an initial tire pressure of 9 psig for a static load of 1200
pounds and an initial tire pressure of 11 psig for a static load of 1500 pounds, Landings
at all sinking speeds from 2-1/2 to 10-1/2 ft/sec were successful under these condi-
tions, Figure 9 shows a graph of the maximum vertical-load factor versus sinking
speed for drop tests conducted under these conditions without tire spin-up and wing lift,
Except for the tests at extremely low sinking speeds, the maximum vertical-load factor
was slightly less in the tests conducted with a static load of 1500 pounds than in those
with a static load of 1200 pounds,

Figures 10, 11, and 12 show the landing dynamic characteristics of the 43-inch-
diameter high-flotation tire for drop tests conducted with an initial tire pressure of 11
psig, a static load of 1500 pounds, Valve C, zero tire spin-up speed, and zero per cent
wing lift at sinking speeds of 2-1/2, 7-1/4, and 10-1/2 ft/sec, respectively. The
oscillation of the tire after valve operation, which is dependent on the energy remaining
in the system, varied from around 4 inches peak to peak at a sinking speed of 2-1/2
ft/sec to around 1-5/8 inch peak to peak at a sinking speed of 10-1/2 ft/sec. A maxi-
mum vertical-load factor of 4,0, which was the allowable design maximum for the gear,
was achieved in the 10-1/2 ft/sec landing.

8ATTELLE MEMORIAL INSTITUTE




Maximum Vertical-Load Factor

6.0

5.0

4.0

2RO

P

43 - inch - diameter tire
Value C, totel area 18.7 in®
Zero spin-up speed

Zero per cent wing list

02
o

R
o

1200-b stratic |°de—74él-—-
"\\t— f

-
L~ <\|500~tb sfotic lood

— _.__|_._ —

Legend
O 1200-1|b static load
9-psig initial tire pressure

] 1500- b static load
li- psig initial tire pressure
0
1.0 3.0 5.0 7.0 9.0 1.0
Sinking Speed, ft/sec AbREY
FIGURE 9, RELATION OF MAXIMUM VERTICAL-LOAD
FACTOR TO SINKING SPEED
BATTELLE MEMORIAL INSTITUTE




30

CAL LR ANA ‘eaxe opXe [Ruiajur °PIT Surm Jusd 13d 0137 -pasds dn-urds oxaz

9G6IE-V
Lo 90 S0

vo

puo2das * aw)y

£0 20

aNOD3AS/13AI 2/1-Z 40
I IAS ONININIS V LV O IATVA ANV ‘SANNOd 00ST JO VO DILVIS V “DISd 1T 4O FINSSTIL
DYIL TVILINI NV HLIM T¥IL NOILVIOTA-HOIH ‘“YALINWVIA-HONI-€% V JO SOIWVNAU DNIANV'I

| 1040D) PODO| [DINIBA

/_.E:wm:mu 8l
|
_

Buiuado anjop

|
o
__
\b _.
_ |

|

|

i s ety ik

109}440A

1040904 poon

G2 —

0S —

SL —

ooL—

jued Jod ‘bBujuadp eA|DA

“0T UNDII

21 —

SOYOU| * uo|o9|jeq o4l

BATTELL.E

INSTITUTE

MEMORI AL




"2 'OT L°LT ‘eale STXe [eIdU] PTL Suwm juad 1ad cxaz °pasds dn-urds 0137z

dNODJS/1III ¥/1-L IO
AdI4S ONDINIS V 1V O IATVA ANV SANAOJ 0051 JO AVOT DILVIS V ‘DISd 11 JO TUNSSTHd
FYIL TVILINI NV HLIM THIL NOILVIOTJI-HOIH ‘YALIWVIA-HONI-¢% V IO SOINVNAQ ONIANVT

spuodas’ awi |

BSEIE-Y
L'D g0 S0 0 £0 0 # 0
1] 1 QI
I
— — —— — I||..|u_4..!.lllmlr||rr|.r._ O.i..nAw
< <
{4 o
= @4 o
o
< ®
5 2
8 os—a
. -
f— o .N
o
o — )
g 7
(12
-1
| 001 -

.

|

!

uoudaEp Al —
\.\IIIII’/L_/ _
...I.....Illl.lll.ll |
| T— o el - I - -

T1 TINOII
OI.
Nl

& — =

o

o

9 — =

o

24

8 — S

5

o

0l — 2

(]
21—
v —

INSTITUTE

MEMORI AL

B8 ATTELLE




32

Y

‘_cur J°)1 “Eaae oyxe Teuaoajul - 35r[ Sutm jued 1ad oraz ‘paads dn-urds o1az

Z

aNOD3S/1dFJ 2/1-01 A0

dIZTAS ONDINIS V 1V O ZATTVA ANV ‘SANNOd 00ST O QVO'T DILVIS V ‘DISd 1T JO TENSSTAd
FYIL TVILINI NV HLIM TdIL NOILVIOTJI-HDOIH ‘YFILIWVIA-HONI-€% ¥V JO SOIWVNAQ DNIONVT

puooes ‘awl ]

LG6IE-V
L0 9°0 S0 +0 €0 20 1'0 0
0 —
B I e —intuts <° 7
.Illl\ \ / _ | — W
o §2 —
10400} pOO} _ou_tm>\ ! 3 _| 2
__ __ D 05 —
_ | e®
m —
buiuado m>_o>\_ ! W ¢
| I lv—3
= e ~ oo01—
Ml
uoydalep 8y
~d
\ o ———

21 T¥NDII
<
Q
<
(4]
o
o
[4°])
2.
3
[Ta]
- OI.
©
[¢+]
=
® 2 ]
3
- =
v —3
O
g — %
3
)
8 —3
-
oo—2
(4]
1713

ITNSTITUTE

MEMORIAL

BATTELLE




33

Final Tire Pressure

The final tire pressure obtained in drop tests with the 1500-pound unit was
affected by sinking speed and by tire spin-up, Final tire pressure decreased with in-
creasing sinking speed and was approximately 1/2 psig higher in the low-sinking-speed
drop tests with tire spin-up than in the drop tests without tire spin-up, The increase of
final tire pressure with tire spin-up became less significant as the sinking speed in-
creased, In the drop tests conducted with a static load of 1200 pounds, a tire spin-up
speed of 61 knots, and sinking speeds ranging from 2-1/4 to 7-1/4 ft/sec, the final tire
pressure ranged from 2,5 to 3,9 psig with the final tire pressure increasing with de-
creasing sinking speed., In drop tests conducted under the same conditions without tire
spin-up, the final tire pressure ranged from 2,2 to 3,4 psig,

One of the reasons for this variation in final tire pressure is the difference in tire
deflection at the instant of valve closure, As the tire deflection at the instant of valve
closure increases; the mass of air retained in the tire decreases and the final equilib-
rium pressure decreases, Figure 13 1is a sequence of photographs of the 43~inch-
diameter high-flotation tire witih various combinations of static load and tire pressure,
At a tire pressure of 3 psig, the tire is still creased when supporting a load of 1500
pounds, but is not creased when supporting a load of 1200 pounds, It requires a tire
pressure of approximately 3-1/2 psig to prevent creasing of the 43-inch-diameter high-
flotation tire when it is supporting a static load of 1500 pounds,

CONCLUSIONS

The conclusions that can be drawn from the test results are:

(1) Both the 750- and 1500-pound static-load high-flotation landing gears
are capable of successfully dissipating the landing-impact energy of
aircraft under laboratory drop-test conditions.

(2) The high-flotation landing-gear system is capable of successful labora-
tory operation with both tire spin-up and wing lift and is not sub-
stantially affected by either,

(3) The present 43-inch-diameter tire unit functions with a maximum
vertical-load factor of four or less at sinking speeds as high as
10-1/2 ft/sec with an initial tire pressure of 11 psig, a static load
of 1500 pounds, Valve C, zero tire spin-up speed, and zero per cent
wing lift,

(4) It is possible to fold the 43-inch-diameter high-flotation tire into

a helical bellows in the manner in which the 34~inch-diameter tire
has been folded,
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FUTURE WORK

Immediate Future

At the present time and in the immediate future, Fairchild will conduct flight test-
ing of the 1500-pound static-lcad high-flotation landing gear mounted on the L-19 air-
craft, Fairchild should consult with Battelle on any problems that occur during this
flight-test program, To make this possible, Battelle has submitted to Fairchild, at
their request, a proposal for an expansion of the present research program, Under this
expanded program, Battelle would be authorized to provide technical assistance to
Fairchild during the flight testing and demonstrations of the high-flotation landing gear
for the period July 31 through December 31, 1959,

During the testing of the 1500-pound landing-gear unit, full advantage could not be
taken of valve programming because the air flow seemed to be limited by the internal
axle area of 17,4 square inches and by the resistance to air flow encountered in turning
the air 90 degrees at the end of the axle, A better ineight as to how the unit might
operate with less resistance to air flow could be obtained with the present unit by re-
ducing the volume of air to be bled from the tire during a landing, This could be
accomplished by installing a flexible torus, capable of withstanding an inflation pressure
of about 25 psig with negligible volume change, inside of the high-flotation tire. The
inflated torus would retain the air inside of it and would reduce, by its volume, the
volume of air that must be bled down during the landing, Such a torus has already been
obtained by Fairchild, and drop testing to determine its performance capabilities could
be conducted on the Battelle drop tester,

Future Component Design

The next logical step in the high-flotation landing-gear program is the design and
development of an operational unit for use on a specific aircraft, While an operational
unit will have to perform the same functions as the present laboratory and flight test
unit, it will be necessary to make extensive component changes to simplify their design
and to make the unit more applicable to operation under field conditions, The following
component~design suggestions are made with this consideration in mind,

Bleed~Valve Desi@_

In an operational unit, it would probably be desirable to have the tire bleed valve
located internally rather than externally as it is in the present unit, This would reduce
the possibility of the valve being damaged by striking an object during landing or take -off
and would decrease the resistance to air flow by eliminating the necessity of turning the
air at the outboard end of the axle, The valve configuration itself could take many
forms, A sleeve valve similar to the one presently being used could be located inter-
nally by mounting the valve sleeves on the inboard side of the tire flange before the tire
is wound on it, A pressure-balanced poppet-type valve appears to be attractive,
especially if actuated in an inboard rather than an outboard direction,
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Component Alterations Necessary for
Inboard Valve Actuation

To actuate the tire-bleed valve ir the inboard direction, minor changes would be
required in the design of the load-sensing cylinder and pressure sensor, The only
change necessary in the design of the load-sensing cylinder would be the reversal of the
stepped shaft, If the larger diameter of the stepped shaft entered the load-sensing
cylinder on the inboard, rather than the outboard side, the stepped shaft would be
actuated in the inboard direction when a load was applied to the large piston.

Except for the design of the spacer block, the design and actuation of the pressure
sensor could remain essentially as it is. Figure 14 shows the variation in the design of
the pressure-scnsor spacer block for use with a tire bleed valve actuated in either the
outboard or inboard direction, For a valve actuated in the outboard direction, the
spacer block holds the valve '"push' rods apart during valve actuation and reduces their
effective length by a distance, x, when the pressure sensor disengages. For a valve
actuated in the inboard direction, the spacer block would hold the valve ''"pull' rods
together during valve actuaion and would increase their effective length by a distance,
x, when the pressure sensor disengaged,

Load- and Pressure-Sensor Cylinder

In the present unit, the closing of the tire bleed valve when a given minimum tire
pressure is reached is accomplished by the removal of a spacer block from the valve
push~rod assembly to shorten the effective length of the assembly, This spacer block
could be eliminated and the same method of valve closing could be retained by the re-
moval of the hydraulic link in the load-sensing cylinder from the valve push-rod
assembly, Figure 15 is a schematic sketch of a proposed load- and pressure-sensor
cylinder, The operation of the cylinder would be as follows:

(1) With the landing gear in the extended position, the weight of the tire
and axle would pull the large piston to the top of the cylinder,

(2) The gas, which would be separated from the hydraulic fluid by a
bladder or membrane in the lower accumulator chamber, would
expand and force the hydraulic fluid through the control spool
valve into the upper chamber,

(3) When the tire pressure reached the pressure-sensor cocking pressure,
the control valve would be actuated to the engaged position and would
close off the upper chamber from the lower accumulator chamber,

(4) Upon landing, the closed-off upper chamber would perform in the same
manner that the present load-sensing cylinder does and the tire bleed
valve would be actuated,

(5) When the tirc prcssure dropped to the pressure-sensor disengaging
pressure, the control valve would be actuated to the disengaged
position, as shown in Figure 15, and the upper chamber would again
be open to the lower accumulator chamber,
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(6) The hydraulic fluid in the upper chamber would be forced into the
accumulator chamber, compressing the gas bladder, The larger
diameter portion of the stepped shaft would be pulled back into the
cylinder by the push-rod spring, thus closing the tire bleed valve,
and the vertical load on the large piston would force it into the
cylinder until it bottomed on a stop,

The area of the control valve would have to be large enough to permit the hydraulic
fluid displaced in the upper cylinder by the bottoming of the large piston and by the re-
entrance of the larger portion of the stepped shaft to flow into the accumulator chamber
in from 0,01l to 0,02 of a second, To reduce and to maintain at a fairly constant value
the force required to actuate the control valve, it would probably be beneficial to use
an extremely low clearance, metal-to-metal fit on the sealing surfaces of the concrol
valve, Such an arrangement would permit a small amount of leakage, but since the
upper cylinder would be pressurized for only a fraction of a second during valve actua-
tion, a small amount of leakage could be tolerated, At the point where the control-
valve shaft emerges from the accumulator chamber a low-pressure, low-friction,
zero-leakage seal could be used,

The control valve could be actuated in a number of ways, One method would em-
ploy the bellofram-piston and cam straps that are presently used. In this system the
control valve could simply replace the U-shaped, pressure-sensing guide block and
could be actuated by the cam strap in the same manner that this block presently is,
Another method would be to actuate the control valve by a small solenoid which could be
energized by a pressure switch or switches located in the tire,

In the design of any future load-~sensing cylinders, attention should be given to the
cushioning of the stepped shaft and large piston when they bottom on their respective
stops, A neoprene seat is provided on the stepped shaft stop of the present unit, but a

shock load is still applied in both the axial and vertical directions when the stepped shaft
bottoms on this stop,

ok o ke shesie e e e ofe e ofe 3k o

A record of all technical work performed on this project appears in Battelle
Memorial Institute Laboratory Record Books 13510, 13511, 14103, and 15296,
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SUBJECT:~ INITIAL FLIGHT TESTS, HIGH FLOTATION LANDING GEAR Revisep April 1k, 1960

I. INTRODUCTION

The purpose of these tests was to evaluate the functional and
aerodynamic characteristics of the Fairchild High~Flotation
Landing Gear, Model M-2L5B, as outlined in the test program.

The test program was completed in two phases. The initial
testing was terminated on L August 1959 due to the contract
funds being expended. A continuation of the contract was
received which authorized the completion of testing and ex-
panded the landing program to include sinking speeds of up

to 10 fps in place of a maximum of 7.25 fps previously agreed
upon,

II., SUMMARY AND CONCLUSIONS

A, General Conclusions

1, Test data presented in this report show that the
M-245B landing gear has exceptional capability in
absorbing obstacle and landing loads, These
qualities, togather with the high-flotation capa-
bilities evaluated briefly in soft soil and mud,
indicate that the opsrating conditions of military
support aircraft can be greatly expanded by
adaptations of this landing gear,

2, Further tests are recommended to obtain sufficient
data for design of satisfactory struts to adapt
this gear to operational aircraft and explore the
rough field characteristics with additional gear
damping provisions. It is unlikely that these tests,
including landing and take-off across an array of
obstacles, can be made on the present 1-19 test bed
because of aircraft structural limltations and the
rigid strut installation,

3. The flight tests outlined in Reference (a) program
were completed within the safety and structural
limits of the gear and airplane with the exception
of the highest rate of descent landings which ex-
ceeded by 0.15 g the airplane design load factor of
L.O g. No damage was sustained by the gear or the

| airplane during these tests. The most significant

conclusions from flight tests are as follows:

'S -800-23A
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a,

C.

II. SUMMARY AND CONCLUSIONS

A, 3. - continued

The limiting obstacle height for the 43-
inch tire (1500 1b capacity) is approximately
6 inches for low speed or STOL aircraft
operating et ground speeds in the range up
to 40 or 45 mph., Obstacles 8 inches high
could be satisfactorily crossed at low taxi
speeds, Tests were limited by drag strut
springback obstacle loads although the 8-
inch obstacle loads indicate a considerable
increase in strut strength would be required
to make a take-off or landing over this size
obstacle. (Refer to Figure 9.)

NOTE: The loads presented in graphs of
this report are referenced as
noted in the Background section
of this report, Paragraph 7.

Venting tire pressure at touchdown to
absorb landing shock and loads is feasible
although some revision of the valving is
conslidered desirable for improvement of
gear efficiency,

An operational installation of the gear
should include some provisions for damping
of rebound noted in high rete of descent
landings and when taxiing through wide
ditches.

Taxiing through mud, in which a 4-wheel

drive jeep stalled, was satisfactory. How-
ever, operation under these conditions re-
sulted in mud being thrown into the propeller
by the tires and subsequently being blown

over the aircraft, including the windshield.
In an operational concept for propeller driven
aircraft some provision would have to be made
to eliminate or minimize this problem,

Tire folding in flight was successfully
accomplished following the installation of
an internal tube arrangement to assist in
the dynamic folding of the tire,

'S -800-234A
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1., The M-24SB landing gear with L3-inch tire operated
satlisfactorily and without malfunction in tests
which included the following maximum conditions:

a., Taxling over rectangular 2 1/8 inch obstacle

at L1 mph,

b, Taxiing over rectangular L 1/L inch obstacle

at 37 mph.

c. Taxiing over rectangular 6 3/8 inch obstacle

at 38 mph (Photo 35-390),

d, Taxiing over rectangular 8 inch obstacle at

8 mph (Photo 35-388),

e. Taxiing across 24 x 4 inch ditch at 36 mph,

f. Taxiing across 2L x 6 inch ditch at 30 mph.

g. Taxiing across 24 x 8 inch ditch at 15 mph

(Photo 35'182) Iy

h, Lsnding at 10,25 fps rate of descent,

i. Taxiing on mud approximately 6 inches deep
(soil bearing strength too low to support

a man's weight),

je Taxiing on soft soil,

Ke Landing and taking off from rough sod,

2, Normal accelerations obtained in taxi tests were
well within the L g aircraft limits in tests over
obstacles up to 6 3/8 inches at the highest speeds
tested. This 13 shown in Figures 21, 22 and 23,
Figure 23, for example, shows 2,3 g acceleration
at 22 mph and 2.1 g acceleration at 37 mph in

6 3/8 inch obstacle tests.

'S -800-23A
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B, <. - continued

3.

bo

Lateral and longitudinal accelerations are presented

in the same plots, Acceleratlon data for 8-inch obstacls
tests,’presented in Figure 24, indlicate no problez to 8
mph, (maximum 1.6 g, verticals the speed at which tests
vere limited by drag strut loada. Time history plots

of airoraft accelerations are presented for tests over
obstacles in Figures 25 through 34, taxiing across
ditches in Figures 4/ through 53, and landings in
Figures 59 and 604. Vertical loed factor versus sinking
speed in landing tests verifies drop-test data as shown
in Figure 54,

Gear vertical loads in taxi teats over obstacles of
varying size at incrementel tire pressures and speeds
are presented in Figures 17 through 20. These plots
show total vertical load, (rolling plus vertical component
due to drag), and vertical load prior to obstacle contact
is also shown for refersnce, Total vertical loads only
are shown in the time history plots (figures referenced
in paragraph 2), Vertioal motion of the hub when taxiing
over 6 3/8 inch obstacles at 2.7 psi tire pressure was
negligible as recorded by motion picture. Fhoto 35-390
shows the obstacle enveloped by the tire with negligible
vertical displacement of the hub, Obstacle abaserption

is also shown in Photo 35-388 -~ left gear on 8-inch
obstacle, right gear on 6 3/8-inch obstacle,

Drag strut incremental loads for obstacle runs &re
presented in Figures 10 through 13 with drag load due
to main gsar reaction also shown for reference. Effect
of tire pressure én incremental drag loads is shown in
Figures 14, 15 and 16 vwhich eare crossplots of drag loead

‘data, Drag strut springback loads, which were the

limiting factor in taxi tests, are presented in Figures

8 and 9. The drag strut loads in the time history plots
referenced in paragreph 2 are total axial loads., 1In
designing struts for an operational use of this geer,

the drag strut loads of this report should be considered
and total 6€rag loads resulting from simultaneous obstacle
contact and touchdown (not tested in this program) will
also be a factor in determining structural strength, For

.initial drag loads at touchdown, see Figure 55,

'S -800-23A
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II. SUMMARY AND CONCLUSIONS

B. Detalled Test Results - continued

5. In landing tests the gear absorbed vertical loads
at touchdown with about the same efficiency as
demonstrated in drop tests. Figure 5L compares
drop test and landing test data, showing a c.g.
load factor of L.15 with a landing at 10,25 feet
per second. This landing is also plotted as a
time history (Figure 60A) which shows the need
for damping of rebound after initial touchdown.
(Note vertical loads and c.g. load factor on
time history plots, Figures 59, 60 and 60A),
Additional vertical load data on landing is pre-
sented in Figures 56, 57 and S8,

6, The quick-reinflation system used in these tests
(description on Page 17) apparently is needed only
for high rate of descent landings when pressure
after tire venting at touchdown is less than 2,5
psi. Several landings were made without quick
reinflation at rates of descent approximating 5
fps. The landing bounce tendency was not noticeably
changed. Since the quick-reinflation system may
increase tire pressure to as much as L psi after
a light landing (3.0 or 3.5 residual pressure plus
1.0 or 0.5 psi reinflation) it could result in
pressure at which obstacle absorption is consider-
ably lessened, In Figures 59, 60 and 60A the tire
pressures during quick reinflation are presented
to show time of operation, Gage location is such
that only stabllized pressure readings are accurate,

7. Taxiing over obstacles of 6 to 8 inch height on
level terrain the tire deflects at low pressures
to absorb the obstacles satisfactorily., For
satisfactory operation over wide ditches (L4 or 5
ft width) or rolling ground, additional damping
would appear necessary on aircraft with one wheel
on each main gear. ‘

'S -800-23A
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II.

| S

SUMMARY AND CONCIUSIONS

B. Detailed Test Results - continued

8, In-flight folding of the tire was satisfactory at
95 knots following modification of the folding
system, The modification consisted mainly of the
addition of en inflated internal diagonal tube
arrangement to prevent premature collapse of the
leading surface of the tirs during the first stage
of the folding cycle,

In the original configuration diagonal ribs
(fastened to the outside of the tire for economy
purposes on the test article) produced satisfac-
tory folding on the ground. However, when the

tire was suspended in the airstream at 85 knots

the ribs on the leading surface collapsed, de~
stroying the diagonal convolutions required for
proper folding. 5By removing the external ribs and
adding an inflated internal rib system satisfactory
results could be obtained,

9. Control of the airplane in flight with the M-245
gear installed was qualitatively satisfactory in
take-off, climb, cruise and stall configurations,
Longitudinal controllability was marginal immedi-
ately following high rate of descent landing
impact. Thls was due to tail wheel bounce and the
undamped oscillation of the tires following
touchdown and was corrected by adding a small
amount of engine power. Ground handling was
satisfactory although maneuvering on pavement is
slightly more difficult than the original gear
especially when a pivoting turn is attempted.

10, A speed-power check was made and data presented
in Figure 61 indicates that the gear and struts
reduced airspeed at cruise power (approximately
2200 rpm, 130 BHP) by 23 mph, from 112 to 89 mph,
This 1s applicable only to the test-bed which
included fixed gear with heavy struts and strut
fairings (reference Photo 35-388),
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II.

SUMMARY AND CONCLUSIONS

B, Detalled Test Results - continued

11,

12,

Take~off performance data analysis presented in
Table I shows that the figures presented in the L-19
pilot's manual for take-off and climb over 50 ft
obstacle were matched within the limits of measuring
accuracy. The test data plots are Figures 62 through
66,

Leakage through the tires and around hub seals
will require much improvement for a production
type or the aircraft will need a built-in set of
jacks., With pressure from the reservoir shut-off,
the test tires lost pressure completely in several
hours, It was not possible to determine whether
there was leakage through the rotary seals of the
pressure-sensing element because of the other leaks
noted above.

Extensive landing gear load data, for both the
normal and high-flotation gear, appears in tabulated
form in Appendix I of this report.
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III. DISCUSSION

A. Bagkground

l. The M-245B High-Flotation Landing Gear with 43 inch
tire (1500 1b rated capacity) was tested by the
Fairchild Structural Test Leboratory as reported
in reference b, (static tests) and reference o
(rolling testsso Drop tests were conducted by
Batelle Memorial Institute, Columbus, Ohio, as
reported in reference d,

2, In order to obtain comperative data the L-19A
furnished for gear tests was instrumented and tested
briefly before installing the M-245B landing gear,
Gross weight was 2400 1b for all tests, 130 1b of
fuel, and c.g. was 33,5% m.a.c.

3., As a result of drop test findings and pre-test confer-
ence on operating procedures it was conaidered
neceseary to redesign pert of the inflation system,
This redesign, made for the reasons listed below,
delayed the program only slightly since it was
found that a simplified inflation system, adequate
for taxi tests, could be instelled and thet refine-~
ments of the system for flight could be made later
when design and drawings were completed, The
changes from original plans required were as follows:

a, Interconnection of tires was considered
unaccepteble because it would permit air
from one tire to flow to the other tire
in cross-wind taxiing or with other leteral
load differences, To eliminate interconnec-
tion and still retain the feature of post-
landing bleed-down to a preset roll-out
pressure it was necessaery to duplicate the
system from the tire to the pilot's adjus-
table regulator (including the regulator).
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Co

Drop tests indicated that & roll-out problem
could be entic¢ipated because of the variation
of post-landing tire pressure with rate of
descent which is illustrated as follows:

Rate of descent Residual tire pressure

2,25 tps 3.6 psi
a5 . 2,6 ®
10.5 * 1.8 "

It appeared that with less than 3 psi and

a 1200 1b load the tire would wrinkle exces-
sively for roll-out, To correct this problem
a smaller reservoir (650 cu. in) was added
to the aystem, This "quick-reinflation"
reservoir charged to approximately 200 psi,
would discharge into the tires immediately
after touch-down, raising tire pressure by
approximately 1 psi. This reinflation value
could be varied by the charge of the quick-
reinflation reservoir, Pressure would then
bleed down, through bleeds in the adjustable
regulators, to the pressure selected by the
pllot for roll-out,

The system as originally designed was con-
sidered unsafe for flight tests since it
required a pilot, upon lending and during
roll-cut, to adjust two regulators (from

9 psi to roll-out pressure of approximately
3 psi) end push a button to reactivate the
inflation system, In order to correct this
and permit the pilot to select the roll-out
pressure while on base leg or final approach
two soclenoid valves were added between the
tires and regulators. These valves closed
when the pilot selected the "Land®™ position
on the gear control box end the pilet could
then edjust the regulators to the roll-out
tire pressure, After landing, the valves
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¢, - continued

were reopened by a pressure-operated time
delay switch. The solenoid valves also
prevented back preasure during quick-re-
inflation from damaging the regulators,

The M-245B system &8s installed on the 1~-19A did not
include the tire deflation and folding provisions
since these tests were programmed for completion on
a large airplane, The initial in-flight folding
tests were conducted on & C-119 eirplane S/N 53-3136,
using a specially constructed rig to lower the tire

into the airstream through the paratainer door opening.

The weight of the control components on the test-
bed installetion wes not representative of a possible
production model, These parts such as regulators,
solenoid valves and pressure plloted valve were off-~
the-shelf items selected for quick availability

and & low cost test installation,

In order to obtain comparable weight with the verious
test configurations the c.g. of the airplane was
practically dictated by the gear installation and

the ballast spece available, For determination of
welght and c.g. the airplane, with instrumentation
installed, was weighed in the level attitude
(levelling on the control torque tube) in the
original configuration, after installing the M-245B
gear and again after installing the quick-reinflation
system ui?h flight control panel,

a, Tests of the original gear configuration
were made with a full fuel load but with
instrumentation recording equipment in-
stalled at the observer's station and
ballasted with 25 1b on the bettery, 133
1b around the legs of the pllot'’s seat and
70 1b aft of the seat (horizontal arm
144.0). The airplane with pilot weighed

'S -800-234A




3 FAIRCHILD Al ft and Missil Div.Y y
REPORT NO. FT245-1 OF FAIRCHILD ::g::an Al‘:’:‘ANE CORP:R.AYIGON‘ v PAGES | PAGE 10
WODEL M-245B l FREPARED 3% . lcmv ATPROVED BY
DATE _Janwary 22, 1960 |
SUBJECT: - INITIAL FLIGHT TESTS, HIGH FLOTATION LANDING GEAR REVISED

I1I, DISCUSSION

A, 6, &, ~ continued

2400 1b with c.g., 33.6% m.a.c. The highest
welght listed for 1L-19 aireraft in T.O,
11L-19A-5 is 2100 1b et 30.5% m.e.c. and
the ssame T,0, lists the aft c.g. 1imit of
the L-19E as 31.,0% m.,a.c. et 2400 1b. The
eircreft menufecturer was contacted and
approval was obtained to use 33,6% m.a.c.
as & test loeding providing no spin maneuvers
were planned and vertioal load on the gear
should be limited on landing to 7300 1b,
(2100 1b x 3.47 g).

b. The installstion of the M-245B geer with
simplified inflation system and instrumen-
tation allowad only 7 gallons of fuel for
2400 1bs, c.g. 27.5¢ m.&.c, Fuel was con-
sidered adequate for taxi operations.

c. When the final system was installed the
airplene was overweight, The air compressor,
chemical air dryer und related tubing were
removed and the acoumulator wes charged
from en external compressor unit before each
flight., Instrumentation was changed to use
a small dry-cell bridge battery. With 11
gellona of fuel the eilrcraft loading was
2429 1bs, 0.g. 29.8% m.a.¢c. Limited by
space and structure for mounting instrumen-
tation and inflation equipment, this was
considered the optimum obtainable with a
reasonably safe fuel supply,

7. The zero references for load date presented in
Figureas 1 through 7 for the original gear were
taken in flight. The high flotation gear zero
references were obtained before and after test
by jaocking the airplane and disconnecting the drag
struts for Ground runs 1 through 12, After in-
stallation of the flight system the zero references
were recorded in flight immediately prior to landing
or, in the case of obatacle tests, during a 1ift-
off from the runvay. An exception is the tire
pressure which was obtained with the alrcraft on
Jecks and tire pressure bled to zero.
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B.

Test Comments

1. ¢

&,

be

Co

i~194 C a ith St G

All tests listed in the program were conducted
except the turning radius test which was dias-~
continued when it was found that the steerable
tail wheel controlled the radius of turn for

- approximately a 20° turn, then swivelled to

permit practically a pivot at low speed and
an incipient ground-loop. Thus it appeared
thet significent turn data could not be
obtained, i

Obstacle tests were carried to a maximum of
23 mph over a 2 x 6 inch plank., (Reference
Figures 1 through 5.) These standard-gear
loads were considerably higher than those of
reference (o). It is noted that the tests
of reference (e) were conducted at 2135 1b
grose weight while Fairchild tests were at
2400 1b, The wide variation of gear loed
prior to obatacle contact is considered a
result of changes in wing 1ift and in thrust
vectors due to necessary throttle adjustments
in obtaining the desired speeds (reference
Figures 1, 2, 4 and 5),

Landings were made to a maximum rate of
descent of 4.3 fps which were adjudged by
the pllot as limiting by reason of gear
deflection (reference Figures 6 and 7).
Vertical loads on the gear were higher than
those of comparable descent rate in the ref-
erence (e) report, probably due to weight
difference. Longitudinal accelerations were
practically identieal to reference (e) while
vertical accelerations for given descent
rates were approximately 0.25 g lower.
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d.

a.

b.

A th S - continued

Data for comparisen with the M=245B gear
were also obtained for the remaining items
of the test program which included speed-
power (Figure 61), performance take-off and
landing (Figures 62, 63 and 64 and Table I)
and pivoting turns on sod and concrete, The
latter data was not plotted since the high-
flotation gear wes not instrumented for side
loads and torslon loeads,

2. M=245 Landine Gear (simplified inflation syastem)

Tests with the simplified system (excluding
perts resquired for flight test) were made over
obstacles and ditches of verying sizes as
reported in the summary and conclusions., Gross
weight was 2400 1b with ¢.g. 27.5% m.e.c, When
it became evident that maximum obstacle runs
scheduled would result.in exceeding the 2300 1b
1imit in the aft drag strut fitting, it was
necessary to monitor loads and approach the
high speed runs in cautious increments, with
resulting delay in the program,

The tire pressure originally desired for test
wes 3,5 pal, a pressure which reduced wrinkling
of the tire., This 18 elso the pressure which
remains in the tire after a light landing,
consequently thet at which obstacle contact can
be anticipated, As seen in Figures 8 end 9,
this pressure severly limited the speed at
whioch obstacles could be negotiated within

drag springback load limlts of the dreg strut
fitting (originelly 2300 1b). This total drag
load resulte.from the geometry of the gear
which, in 3-point attitude positions the main
strut forward of the strut attachment and
introduces a 400 1b tension component in the
drag strut due to 950 1b vertical static load.
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The vertical load increased dynamically when
the airplsne crossed an obstacle and spring-
beck loads of the fixed strut were additive,
Drag strut incremental loads are presented in
Figures 10 through 13 independent of vertiocal

load reaction in the drag strut,

6. Obstacle tesis were continued using a tire
preasure of 2,7 psl after a brief exploration
showed that rolling characteristics at this
pressure would be acceptable although wrinkling
was more than desired and the greater defleo-
tion of the tire resulted in premature wear,
The anticipated tread width of the tire hed
been reinforced with a sheet of tread~stock
neoprene approximately .060 inch thick., The
sidewall area, where wear was sncountered at low
pressure, was covered only with .,020 inch of
relatively soft caroasa-stock neoprene, On a
production type tire of this asige, if operation
at pressure as low as 2,7 psl is desired, the
tread width should be increased approximately

5 inches on each side of the tire,

d. Taxi tests over obstacles higher than 2 1/4
inches were limited to one obstacle (reference
Photo 35390) in accordance with the test pro-
gram provision covering denger to the airplane.
It became obvious that in the repeated runs
between two obstacles the tail wheel would
eventually be damaged, On one occasion the
tail wheel struck a 2-inch obstacle when using
paired obstacles. In later demonstrations at
slow speed a 6 inch and 8 inch obstacle were
negotiated simultaneously without difficulty
to demonstrate that no longitudinal control
problem resulted, (Photo 35-383.) The
obstacles used for tests were rectangular, as
shown in the referenced photo, and no ramp

was used,
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e. The considerable scatter in geer vertical
load date eppears cheracteristic of low
pressure tires when compared with data of
reference (e). The vertical load data of
Figures 17 through 20 is totel load and the
rolling load, also plotted, may be subtracted
to obtain incremental loads due to obstacles,

f. Taxi tests across a ditch were made over a
2 £t by 4 ft box buried flush with the ground
and filled with plenks to vary the depth and
width of the ditch. The 4 ft dimension
(length) remained constant and the taxi path
was across the 2 ft dimension (width) which
was varied to 18 inches and 12 inches (Photo
35-182), The taxi tests across the ditch
were conducted to limits of safe operation
or to speeds at which loads recorded had
reached maxinmums., As seen in Figures 35
through 43 the ditches 12 inches or 18 inches
wide presented no problem at depths up to
6 inches. The ditch 24 inches wide and 8
inches deep resulted in sharply lncreased
springback drag loads (Figure 37), vertical
loads (Figure 40) and aircraft accelerations
(Figure 43). Time history plots of vertical
loads, drag loads and aircraft accelerations
are presented for evaluation of dynamic
characteristics in Figures 44-53,

3. M=245 landing Gear, Complete Inflation System

a. Tests with the ccmplete inflation system,
including quick-reinflation but without
folding provisions, were made in accordance
with the progrem, Gross weight was 2400 1b
(330 1b fuel) with c.g. 29.8% m.a.c, Incre-
ments of descent rate were obtained for landing
tests by increasing the height of the landing
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Continued

flare and stall, Attempts were also made

to increase rate of descent by using forward
stick at the time of the stall. Ths best
results were obtained by use of 60° flaps,
setting up a nose high, power-on approach
and varying the height at which the engine
was cut to control sinking speed.

After five flights with the quick-reinflation
accumulator charged to 100 psi (resulting in
1 psi quick reinflation) the regulator for
this accumulator was set to a minimum (60 psi)
for approximately 0.7 psi quick reinflation.
No significant change in gear or aircraft
reaction was noted. However, this explains
the lower pressure of Figure 60 compared with
Figure 59 during the quick-reinflation period.

Initial landing tests were complicated by
reason of the original tail wheel spring.

At 2400 lbs gross weight a hard landing bent
the original spring on several occasions. The
first of two series of landing tests was ter-
minated at a maximum sinking speed of 6.L fps
to preclude damage to the airplane through
fallure of the tail wheel spring.

A new tail wheel spring was supplied by TRECOM
and installed on the airplane prior to the final
landing tests. This spring was made of a
slightly heavier gauge material than the orig-
inal and held up well at the maximum attained
sinking speed of 10,25 fps.

During the landing tests it was decided to
reinforce the aft drag strut attachments,

This change was simply a bracket attaching to
the skin and an additional rib, increasing the
limit for drag springback (tension) load from
2300 to 3500 lb., With this configuration it
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d.~ continued

1 1

was possible to increase speed over obstacles
a5 indicated by flagged test pointas on various
plots, There was also noted a tendency to
reduced springback loads for a given speed

and tire pressure after stiffening the dreg
atrut attaechment, This may be seen, for
example, on Figure 9,

Landing tests for recorded data wers made on

a macadam runway. Two landings were made for
qualitative evaluation of characteristios on

a rough sod field, No problems of control or
rolling characteristics on rough sod were noted
but the undemped bouncing when taxiing at 15-20
mph through a ditch about 6 inches deep and

5 feet wide was quite pronounced. Bouncing wes
elso noted when texiing on & "washboard™ mecsdam
surface,

Take-off was mede from & mecedam runway except
one cese when a teke~off was made from a rolling
stretch of rough sod, In the latter oase the
absence of damping was &lso notable on the test
bed installetion. No recording was mede of load
or acceleration date during the rough field
teke-of f because of generator trouble at the
time, Further tests were anticipated under
more strenuous conditiona but contract funds
were expended bsfore this could be accomplished,

It will be noted thet side loads and torsion
loads on the gear strut were not cobtained., The
gear structure was too heavy to obtein measurable
deflectlons with the weight of the L-19 aircraft,
This also elimineted measurement of turning

loads on the gear and restricted such tests to
quelitetive evaluastions,
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B. 3. M-245 Landing Cesr, Complete Inflastion System - cont'd

h., Several drops were made from & crane in order
to determine that the quick-reinfletion system
and valves were functioning satisfactorily
before making & landing., Dete is presented in
Figure &/, During one of these drops the
rudder of the eiroraft was demeged and a
replecement wes obtained from TRECOM,

C. n Te Syste
1. 0 ne ng Gea

The originel landing gear wes unchanged from
the standard 1-194 configuration. Strein
gages were installed for measurement of loads,

2. M=245B Lending Geor (Simplified Inflation Svatem)

Pending engineering changes considered necessary
for the flight tests a simplified inflation
system was installed for the early phase of

taxl tests. This system included a main reservoir
(capacity 870 cu, in., 3000 psi) with regulators
for individual tire pressure selection. The

tires and hubs were in final configuration as
related to ground operation,

3. M=245B Landing Gear (Flight Teat System)

As finelly installed the gear included, in addition
to the above reservoir and regulators, the
following:

a. Mta%&t&n_mconsieting of a
reservoir (cepescity 650 ou, in.) which filled
to an adjustable pressure (for early tests,
100 psi) when & pressure sensor cocked, It
discharged into the tires when both pressure

sensors uncocked after touchdown,

'8 -800-23A
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C. 3. M-245B landing Gear (Flight Test System) - continued

b. Indicators

(1) Red warning light indicating that a
pressure sensor was not cocked and
ready for landing, light extinguished
when both were cocked.

(2) Green indicator lights, one for eech
tire indicating when the tire pressure
sensor was cocked and ready for landing,

(1) Pressure regulators for selecting
touchdown tire pressure or taxi
pressure, These had adjustable
stops set for 9 psi touchdown and
approximately 3 psi for taxiing
over obstacles, A mid-point
selection for approximately 5 psi
was used for taxiing on smooth
surfaece and for take-off to avoid
excessive tire wear,

(2) Control panel with electrical switch
set for "erulse™ position during
in~flight tire inflation for landing.
The switch was set tc "land, Taxi
and T.0," position just prior te
landing and this closed solenold
valves between the tires and the regu-
lators sco that the regulators could
be set to 3 psi before landing,

Without these valves the tire pressure
would begin bleeding back through

the regulatora when they were set to
roll-out pressure before landing, The
solenoid valves also protected the
regulators from the higher line pressures
during quick-reinflation. The solenocid
valves were automstically opened approx-
imately 5 seconds after touchdowa by

an adjustable time-delay switch,
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ol FAIRCHILD Ai f d Missilee DIv.T
REPORT KO. FTzA5-1 CF FAI“CN!LDAF:‘:?:E&Q AlRa?:‘ANE. (:"’RP:R‘AT“’\GN’ v PAGES PAGE 19
WDFIL PREFARED WY T CRECKED DY AFPROVED BY
M-245B | } [
DATE _ Jenuary 22, 19€0
SURJECT: -~ INITIAL FLIGHT TESTS, HIGH FLOTATION LANDING GEAR REVISED
111, DISCUSSION

C. 3. M-245B landing Gear (Flight Test System) - continued
d., Compressor

A compressor provided for the system

was installed but it was found that with
the instrumentation recording equipment
the eirplane would exceed 2400 lbs,

Since a 2500 psi charge in the main
reservolr was adequate for spproximately
4 inflations of the tires, the compressor
was removed and the reservolr was charged
from a ground compressor unit prior to
tests, This unit incorporated filters
and chemical dryers., For a production
system using 43-inch tires, it is be-
lieved thut & compressor with 1500 psi

or less capacity would prove adequate,

e Operation of the Flight Test System, Typical

a, Prior to take-off the pilct adjusts the regulators
to 5 psl, places the control switch to "Land,
Texl and T.0.", CSince sensors are not cocked
the solenoid valves remaein open and the tires in-
flate to 5 psi,

b. After take-off the pilot places the control switch
to "Cruise™ position and pushes the regulators to
the forward stops (preset to 9 psi). Red light
indicates, and green lights do not, while tires
inflate, When one tire reaches cocking pressure
(approximately 7.5 psi) & green light comes on,
red light remains on, the quick reinflation system
reservoir (solenoid controlled) fills to preset
pressure, and pressure continues to the tires,
When the other tire reaches cockling pressure the
corresponding green light comes on and the red
light is extinguished., Pressure to the tires
continues to increase to 9 psi and is meintained
at that pressure,
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C. 4o Operation of the Flight Test System - cont'd

¢, On finsl approach, the pilot plesces the con-
trol switeh to “"lLand, Taxi and T.O.", pushes
regulator controls full aft to the stops and
is ready for landing. Solenoid valves are now
closed to prevent pressure bleeding through
regulators from the tires,

d, At touch-down ths tires exhaust to between
3.5 and 2.1 psi, depending on rate of descent,
pressure sensors uncock individually when
pressure sensor senses 2.5 psi inside the hub.
(The variation in actual tire pressure results
from the difference in volume of air exhausted
from the tire when deflection at touchdown is
large or small,) When the second pressure
sensor uncocks the quick re-inflation system
discharges the quentity of air in the 650 cu,
in. reservoir into the tires (100 psi equals
approximately 1 psi tire pressure increase)
and triggers the time-delay relay. After the
preset time-delay the solenoid valves are
reopened between the tires and regulators and
the pressure of the tires is increased or
bled off to the value preset by the regulator
low pressure stop (approximately 3 psi).

e. After roll-out the pilot places the regulators
approximately mid-way between the stops for a
5-psi taxi pressure on smooth terrain or leaves
the regulators on the low pressure stop for
taxiing on rough, unprepared surface,

D. Inst ntat

Instrumentation was provided on the M-245B gear to
record on an oscillograph as follows:

Drag loads of the gear, from strain gages on
the eysbolt stem attaching the drag strut to
the main strut essembly.
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D. 8 ntat ~ continued

(over the main gear),

mid-point of the wing root chord,

Vertical loadg from strain gagss on the vertical
load links,
Vertical acceleration, from an accelerometer

mounted on the floor and attaching to alrcraft
rib structure 22 inches aft of the firewall

Longitudipal acceleration, from an acceleromster

mounted adjacent to vertical accelerometer,

lateral acceleration, from an accelerometer
mounted on a board installed aft of the pilot's
seat 49 inches aft of firewall, on centerline
of the aircraft, This was directly below the

Tire pressure, from transducers installed in

the inflation lines to the valves approximately

5 feet upstream of the tires, Thus, when
measuring pressure during quick-reinflation of
the tires (Figures 59 and 60) the measurement

was actually line pressure until preasure
stabilized, No completely satisfactory method
could be found for measuring actual tire pressure
since pressures inside the hub are elso affected
by air flow during tire inflation and venting.
Comparison of vertical load and tire pressure in
Figures 59 and 60 shows however that the lag in
time between vertical load ectuating the vent
valve (approximately 1000 1b) and the drop in
tire pressure (venting through hub) is approx-
imately .02 second, Tire preassures stabilize
about 2 seconds later upon completlion of quick
reinflation. This was satisfactory for deter-
mining proper functioning of the inflatioh system.

Ground speed, from a microswitch mounted on tail
wheel to indicate each revolution of the wheel,
with time correlation on oscillograph for rpm,

DATE _Janusry 22, 1960
REVISED
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D. Instrumentation

Rate of descent was measured by equipment
utlilizing the reflection from the runway surface
of a continuous audio tone projected from the
aircraft. The principle of operation is as
follows: Dependent on the distance traveled,
the reflected sound will either tend to rein-
force or cancel the projected sound as picked
up by a microphone located near the source,

The relative output level of the microphone is
recorded on an oscillograph and, with the
frequency used in these tests, peaks occur at
approximately every two inches as the aircraft
approaches the runway., Since time is also on
the oscillograph record, rate is easily computed.
Correction is made in the calculations for the
effect of variation of the speed of sound with
temperature,

Instrumentation for visual recording was as follows:

RPM, Free Air Temperature, Cylinder Head
Temperature, Airspeed and Oil Temperature
from standard aircralt instruments,

Manifold Pressure, Ranco, Inc, gauge, S/N

- , calibrated for operating range.
Pressure tap was in the line between the primer
and the engine (primer inoperative).

Tire Pressure downstream of regulators, cali-
brated gauges.

Reservoir Pressure of main inflation system,
gauge 1n outlet line rsading to 3000 psi for
the 870 cu. in. reservoir,

Regulated Air Pressure (to 200 psi) gauge in
line batween raservoir outlet regulator and
tire inlet regulators.

'S -800-23A
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III., DISCUSSION

D. Instrumentation - continued

Reservoir Pressure (to 200 psi) quick-rein-
flation system, gauge between reservoir outlet
and solenoid valve controlling release of air
to the tire.

Regulated Air Pressure (to 160 psi) gauge on
regulated controlling air to the quick-rein-
flation reservoir.

E. Tire Folding Test Apparatus

Ground and in-flight folding and reinflation tests of
the high flotation tire were conducted by means of a
portable test rig. This rig contained the necessary
supply of compressed gas, a vacuum pump, & masns of
raising and lowering the tire in the slipstream when
airborne, and necessary controls. The test rig was

80 designed that it could be installed in the cargo
hold of a C-119 airplane and the tire could be lowered
into the airstream through the paratainer doors in the
bottom of the fuselage,

Initial attempts to fold the tire in flight falled when
the original configuration {external diagonal ribs)
collapsed at its leading surface when lowered into the
slipstream, The external ribs were removed and an
internal tube arrangement was installed which assisted
the dynamic folding of the tire.

The inner tube arrangement consisted of two tubes
having a 3 1/2 inch diameter cross section and 21

inch dutside diameter mounted inside the tire carcass,
concentric with the axle. Ten inflatable internal ribs
of 2 1/ inch diameter cross-section were installed
diagonally between the two inner tubes. Ailr lines
connected the tube arrangement to the supply and evac-
uating sources.
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Iv,

IIXx. DISCUSSION

E.

a,

d.

Tire Folding Test Apparatus - cont'd

The tire and the internal tube arrangement were in-
flated separately. During the folding sequence the
tire was deflated and the internal ribs held the tire
as the inner hub began its rotation, As the hub ro-
tation continued, the internal ribs propagated the
diagonal convolutions required for proper folding.
Once the diagonal folds were initiated the internal
tube was deflated and the hub completed its rotation
to complete the sequence. Refer to Photos 36-918
through 36-921.

REFERENCES

Fairchild Report No, FTE-201A, Flight Test Program,
Higg Flotation Gear System (M-2L5) 18 April 1958,
svision C, February 1959, as amended by letter

TREC=AA9 -89-02-000 ST 14O AV from Lt. Col. Steinkrauss
to FAMD, March 25, 1959.

Falrchild Engineering Report No., R245-010, Static Test -
High Flotation Tire, 19 February 19%9.

Fairchild Engineering Report No. R245-011, Rolling Tests -
High Flotation Tirs.

Batelle Memorial Institute, Summary Report, The Desi
and Development of Laboratory and gIIgEf-Tesf Models of
landing Gear for Aircraft to be Operated from Rough
Unprepared Fields, August 15, 1959.

Goodyear Aircraft Report GER 9061, Rough Terrain Landing
Gear Evaluation Program, 31 October 1950,
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